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CONVERSION FACTORS, U.S. CUSTOMARY TO METRIC (SI) 
UNITS OF MEASUREMENT 


U.S. customary units of measurement used in this report can be converted 
to metric (SI) units as follows: 


Multiply by To obtain 
inches B56 4 millimeters 
2.54 centimeters 
Square inches 6.452 square centimeters 
cubic inches 16. 39 cubic centimeters 
feet 30.48 centimeters 
0.3048 meters 
square feet 0.0929 square meters 
cubic feet 0.0283 cubic meters 
yards 0.9144 meters 
square yards 0. 836 square meters 
cubic yards 0.7646 cubic meters 
miles 1.6093 kilometers 
square miles 259.0 hectares 
knots 1.8532 kilometers per hour 
acres 0.4047 hectares 
foot-pounds 1.3558 newton meters 
millibars 1,O1O7 «x 10° 2 kilograms per square centimeter 
ounces 28.35 grams 
pounds 453.6 grams 
0.4536 kilograms 
ton, long 1.0160 metric tons 
ton, short 0.9072 metric tons 
degrees (angle) 0.1745 radians 
Fahrenheit degrees 5/9 Celsius degrees or Kelvins!} 


ITo obtain Celsius (C) temperature readings from Fahrenheit (F) readings, 
USE itosswlAs G@ = (5/9) (CF SG) > 
To obtain Kelvin (K) readings, use formula: K = (5/9) (F -32) + 273.15. 
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LITTORAL ENVIRONMENT OBSERVATIONS AND 
BEACH CHANGES ALONG THE SOUTHEAST FLORIDA COAST 


by 
Allan FE. DeWalt 


I. INTRODUCTION 


This report presents an analysis of data on beach changes and litto- 
ral processes at three locations along the southeastern Florida coast, 
collected by the Florida Ocean Sciences Institute, Inc. (FOSI), Deerfield 
Beach, Florida, from January 1969 to June 1973. The objectives of the 
study were to accumulate systematic information regarding winds, waves, 
and currents in the nearshore environment and to relate these factors to 
observed changes in beach profiles along Florida's southeastern coast. 

A total of 4,898 beach profile surveys and 1,560 littoral environment 
observations (LEO) was collected at the beaches of Jupiter, Boca Raton, 
and Hollywood, Florida (Fig. 1). 


The study was carried out as part of the U.S. Army Coastal Engineer- 
ing Research Center (CERC) Beach Evaluation Program (BEP), which has the 
objective of observing the response of beaches to waves and tides of 
specific intensity and duration as a first step in developing a system 
for warning low-lying coastal communities when dangerous beach erosion 
conditions exist (Galvin, 1969). The littoral environment parameters 
analyzed include wind, wave, and longshore current observations. The 
beach profile variables analyzed include: (a) sand level changes on 
surveyed beach profiles; (b) the horizontal translation of the mean sea 
level (MSL) shoreline; (c) volumetric changes above the MSL shoreline; 
and (d) volumetric changes below MSL, to a distance offshore of 500 feet 
(150 meters), at Boca Raton. Correlations are drawn between the environ- 
mental parameters and the observed beach changes. 


1. Previous Work. 


Much of the literature on the geomorphology and sediments of south- 
eastern Florida has been reviewed by Duane and Meisburger (1969), Meis- 
burger and Duane (1971), and Field and Duane (1974). Meisburger and 
Duane (1969) noted a distinct change in the nearshore shelf morphology 
and in the surface sediments in the vicinity of Boca Raton. They con- 
cluded that little, if any, sediment is transported into this area from 
the north and that little interchange of material occurs between the 
beach and shelf. 


Watts (1953) studied the effectiveness of the sand bypassing plant 
at South Lake Worth Inlet and derived a relation between the net long- 
shore transport rate and the height and direction of observed shallow- 
water waves. (South Lake Worth Inlet is approximately midway between 
Jupiter and Boca Raton. See Fig. 1.) Based on the volume of material 
impounded by the north jetty at the inlet over a 14-year period, Watts 
estimated a net southerly longshore transport rate of 200,000 cubic yards 
(153,000 cubic meters) per year (to a 27-foot (8.2 meters) depth). 
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Figure 1. Map of study area. 


In a study of St. Lucie Inlet, which forms the north boundary of 
Jupiter Island, Walton (1974) estimated that the annual net southerly 
longshore transport rate passing the north jetty was 100,000 cubic yards 
(76,500 cubic meters). However, the total volume crossing the inlet and 
continuing downcoast was estimated at only 30,000 cubic yards (22,950 
cubic meters) per year, with the remainder either permanently trapped 
by the inlet or transported offshore. 


A cooperative study by the University of Florida (1969) focused on 
a series of tests using a drag scraper for beach nourishment from off- 
shore borrow sources at Jupiter Island. 


The area has been the subject of a number of investigations includ- 
ing those by Purpura (1962), Bruun and Monohar (1963), and Bruun, Battjes, 
and Purpura (1966). Most of these studies dealt primarily with coastal 
engineering problems such as shape and placement of groins, seawalls, and 
inlet jetties, rather than general long-term changes in the coastal con- 
figuration. 


A preliminary analysis of the data collected during this study has 
been presented by Richter (1971, 1972, 1974). 


2. Study Area. 


Under Shepard's (1963) coastal classification, the southeastern 
Florida coastline, with its lagoons and offshore islands, is a barrier 
coast. Tanner (1960) described it as a "perched" barrier coast; i.e., 
the sand is merely a thin veneer spread over Pleistocene coquina, sand- 
stone, and limestone bedrock. Exposures of this bedrock, usually assign- 
ed to the Anastasia Formation, are visible at a number of places along 
the coast (Cooke, 1945; Puri and Vernon, 1964). Outcrops, such as those 
at Boca Raton, exhibit typical wave-cut cliff and platform features. 
Tanner further classified the area as an eroding, nonequilibrium coast 
but felt that the coquina at or near sea level effectively retarded 
the erosional process. Offshore profiles for Jupiter, Boca Raton, and 
Hollywood, from the beach to the shelf edge, were plotted from National 
Oceanic and Atmospheric Administration, National Ocean Survey (formerly 
U.S. Coast and Geodetic Survey), unpublished boat sheets (Fig. 2). Typi- 
cal beach profile shapes are shown in Figure 3. 


a. Jupiter. The Jupiter site is located in the northeast corner of 
Palm Beach County, approximately 80 miles (128 kilometers) north of Miami 
(Figs. 1 and 4). Of the three sites, it is least affected by the wave 
shadow of the Bahamas and the most exposed to the north Atlantic--through 
a 70° sector from approximately N. 05° W., where the nearest coastline is 
Cape Canaveral, to N. 65° E., where the Little Bahama Banks afford pro- 
tection from waves approaching from the east. The effective fetch from 
the east, through a 45° sector, is limited to about 50 miles (80 kilo- 
meters). Exposure to the southeast through a 50° sector, is open to an 
approximate 100-mile (160 kilometers) fetch. Jupiter has a relatively 
straight coastline bearing about N. 17° W. 
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Figure 2. Offshore profiles at the three study sites. 
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Figure 4. View north at Jupiter site, 6 May 1970; 2 hours 
beore lmign tnole (i= 5 ste, We 750 55 ey = US"). 


The site is 13.7 miles (21.9 kilometers) south of St. Lucie Inlet, 
and 1.3 miles (2.1 kilometers) north of Jupiter Inlet. A small protu- 
berance of the coastline occurs about 800 feet (245 meters) north of 
the site. It is about 800 feet in length and extends about 200 feet (60 
meters) seaward from the general trend of the shore. This protuberance 
appears unchanged in both position and magnitude on the U.S. Geological 
Survey 1967 photo revision of the 1948 7.5-minute series topographic map 
of the Jupiter quadrangle. The feature is probably the result of the 
resistant coquina limestone which crops out just below MSL. More pro- 
nounced exposures of coquina (Anastasia Formation) occur above MSL, about 
1 mile (1.6 kilometers) north (Puri and Vernon, 1964). The large amount 
of shell fragments on the beaches in this area has been attributed to the 
gradual erosion of local coquina outcrop (U.S. Army Engineer District, 
Jacksonville, 1965; Meisburger and Duane, 1971; Field and Duane, 1974). 


The beach at the Jupiter site is steep and narrow, with a typical 
width from the MSL shoreline to the toe of the frontal dune of 100 feet 
(30 meters) and a 1 on 10 slope (Fig. 3). A steep dune face with a maxi- 
mum elevation of about 20 feet (6 meters) backs the beach. An abandoned 
asphalt roadbed occupies the crest of the dune and is being undermined by 
slumping of the eroding dune face. There has been minimal real estate 
development in the immediate vicinity; the nearest community, Jupiter 
Inlet Colony, occupies the southern one-half mile of Jupiter Island. 
Numerous seawalls, sloping revetments, and groins have been constructed 
by local interests in the town of Jupiter Island to the north. The town 
began an artificial beach nourishment program in 1956; about 700,000 
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cubic yards (640,000 cubic meters) of material from Hobe Sound and the 
Intracoastal Waterway was pumped onto the beach between 1957 and 1963 
(U.S. Army Engineer District, Jacksonville, 1968). In September 1963, 
borrow material from a zone 600 to 800 feet (180 to 245 meters) offshore 
was placed on the beach with drag-scraper equipment (Gee, 1965). Although 
exact fill volume data are not available, a total of 500,000 cubic yards 
(382,500 cubic meters) was to have been placed over a 3-year period (U.S. 
Army Engineer District, Jacksonville, 1968). Between June and October 
1973 a total of 2.5 million cubic yards (2.3 million cubic meters) of 
sand was pumped from offshore and placed along 16,800 feet (5,121 meters) 
of beach (Strock and Noble, 1975). 


About 36,000 cubic yards (27,540 cubic meters) of material has been 
dredged annually from the St. Lucie Inlet since 1964 (Walton, 1974). 
Most of this material has either been dumped offshore or along the 
dredged channel, not placed directly on the adjacent beaches. How much 
of the spoil material remains in the littoral zone and is subsequently 
transported alongshore is unknown. 


b. Boca Raton. The Boca Raton site is located in the southeast 
corner of Palm Beach County, approximately 40 miles (64 kilometers) north 
of Miami (Fig. 1). The shoreline trends N. 05° E. and has an intermediate 
exposure to open ocean waves, through a 30° sector from N. NO” is eo Ne 
40° E. A narrow "window'' of exposure opens from N. 76° E. to N. 79° E. 
through the Northwest Providence Channel, separating Grand Bahama Island 
and Andros Island, about 60 miles (95 kilometers) from the mainland. 

Open exposure to the southeast is limited to a DAS esecton fromse 19 E. 
1) So O24 We 


The site is 2.5 miles (4.0 kilometers) north of Boca Raton Inlet and 
12 miles (19.2 kilometers) south of South Lake Worth Inlet. Coquina 
limestone crops out at about mean low water (MLW) and is generally ex- 
pressed as a relatively smooth planar ledge dipping seaward (east) at 
4° to 8° (Fig. 5). At times, this ledge is completely covered with sand. 
More often, it is exposed with the seaward edge forming a dropoff of 
from 4 to 5 feet (1.2 to 1.5 meters) about 50 feet (15 meters) from the 
MSL shoreline. The coquina ledge has dense seasonal growths of encrust- 
ing algae, sponges, and worm reef (Sabellaritdae) (Kirtley, 1966). The 
coquina becomes the dominant shoreline feature about 2 miles (3.2 kilo- 
meters) south of the site, forming two minor promontories with maximum 
elevations of approximately 20 feet above MSL and an alongshore dimen- 
sion of about 400 yards (360 meters) (Fig. 6). 


The beach at the Boca Raton site is also steep and narrow with a 
typical width of about 100 feet and a 1 on 9 slope. Seaward of the 
coquina ledge the slope is about 1 on 100. The frontal dune is heavily 
vegetated and has a maximum elevation of about 25 feet (8 meters). 


The beach-front property at Boca Raton has been subject to intensive 


development during the study period, with the construction of high-rise 
condominiums essentially on the dune line (Eyre, 1971). A section of a 
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Figure 5. View north at Boca Raton -site, 4 May 1970; low tide 
(Hl SO Bes Me 4.6 55 OS -20°). Note coquina 
exposure in swash zone. 


Figure 6. Coquina exposure about 2 miles south of the Boca 
Raton site, 15 May 1974; low tide (H = 2.9 ft; 
Wea D32 83 Oy = Oe 


dune was leveled immediately to the north of the study site for construc- 
tion of a new condominium in May 1969 (Fig. 7). A trench approximately 
15 feet (4.6 meters) deep and 300 feet (90 meters) long was excavated for 
the construction of a protective seawall, with the spoil placed on the 
beach in front of the excavation. 


Figure 7. Dune leveling at Boca Raton site, 7 May 1969; 
midtidenfal ling (Hu Sy4 ett ,ali=| S3@ S— afps=a27) 


There are no groins in the immediate vicinity of the site although 
there are numerous groins, seawalls, and bulkheads farther north. Both 
South Lake Worth Inlet and Boca Raton Inlet are stabilized by parallel 
jetties. Sand was dredged and bypassed at South Lake Worth Inlet at an 
average of 77,500 cubic yards (59,300 cubic meters) per year between 1969 
and 1973 (Ward, 1972). Boca Raton Inlet, an improved natural inlet, was 
dredged to an 8- to 12-foot (2.4 to 3.7 meters) channel depth in April 
1969 by a private developer and has been continuously maintained since 
that time. 


U.S. Army, Corps of Engineers (1971) determined that between 1929 
and 1955 there was a net loss of about 1 million cubic yards (765,000 
cubic meters) above the 18-foot (5.5 meters) depth contour along the 16 
miles (26 kilometers) of shoreline south of South Lake Worth Inlet or 
approximately 0.5 cubic yard per foot (1.25 cubic meters per meter) of 
shoreline per year. 


c. Hollywood. The Hollywood site is located in southeast Broward 


County, approximately 15 miles (24 kilometers) north of Miami (Fig. 1). 
It is the least exposed of the three sites. With the Great Bahama Bank 
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lying 50 miles to the east, Hollywood is protected through a 125° sector 
from N. 33° E. to S. 22° E. Open exposure to the northeast is limited 

to the 24° sector from N. 09° E. to N. 33° E., and to:the southeast from 
the 18° sector at S. 04° E. to S. 22° E. The shoreline trends N. 05° E. 


The site is 9.7 miles (15.5 kilometers) north of Bakers Haulover In- 
let and 3.5 miles (5.6 kilometers) south of Port Everglades. Port Ever- 
glades is a commercial harbor with an entrance channel 40 feet (12 meters) 
deep and 500 feet wide from its seaward end, 5,600 feet (1,700 meters) 
offshore, to the entrance jetties where it narrows to a width of 300 feet 
and depth of 37 feet (11 meters). The entrance is stabilized by two 
rubble-mound stone jetties and two converging submerged breakwaters (U.S. 
Army Engineer District, Jacksonville, 1971). 


Coquina limestone, which is well exposed at the other two sites, is 
not exposed on the beach at the Hollywood site. However, it is found 4 
to 6 feet (1.2 to 1.8 meters) below the sand surface. Patch reefs occur 
on a rock ledge about 250 feet (75 meters) seaward of the MSL shoreline 
at about -10 feet (-3 meters) MSL. Raymond (1972) described a large out- 
crop of coquina at Port Everglades where a 15-foot vertical section had 
been exposed by the cut for the entrance channel. 


Beach width is about 100 feet with a 1 on 10 slope. The maximum 
elevation at this site is about 10 feet with essentially no existing 
frontal dune. A coastal highway (Florida AlA) is commonly flooded with 
water and sand during storms (U.S. Army Engineer District, Jacksonville, 
1965). 


A 900-foot-long (275 meters) fishing pier is located 1.1 miles (1.8 
kilometers) north of the site. Approximately 2,100 feet (640 meters) 
north of the site several houses built out onto the beach are protected 
by seawalls and groins. About 1.5 miles (2.4 kilometers) south, a field 
of evenly spaced timber groins has been installed in an attempt to stabi- 
lize the beach in front of the city of Hollywood. Mechanized beach 
sweepers are frequently driven across the site, but do not appear to 
significantly change the topography (Fig. 8). 


Surveys by U.S. Army Engineer District, Jacksonville (1971) have shown 
that in the 2-mile reach immediately south of Port Everglades Harbor dur- 
ing the period 1928 to 1961, the shoreline receded about 5 feet per year 
--the result of the complete littoral barrier provided by the entrance 
channel. About 46,000 cubic yards (35,000 cubic meters) of material is 
dredged annually from the turning basin and entrance channel at the port. 
Some of this material is placed on the beach, south of the inlet (U.S. 
Congress, 1965; U.S. Army Engineer District, Jacksonville, 1971). 


Sen G@Limater 
The climate of the study area is subtropical with a mean annual tem- 


perature of 75° Fahrenheit (23.9° Celsius). The average annual precipi- 
tation is 60 inches (152 centimeters). Winds are predominantly from the 
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Figure 8. View north at Hollywood site, 5 May 1970; 
midtide, rising (H = 0.5 ft; op = 15°). 
Note beach sweeper tracks. 


southeast, but higher speeds are associated with winds from the northeast. 
Wind data from West Palm Beach are shown in Figure 9 (U.S. Congress, 
1948b). 


The area within a 50-mile radius of Fort Lauderdale experiences a 
hurricane on the average of once in 6 years, with the probability of a 
hurricane or tropical disturbance occurring once in a little over 3 years 
(U.S. Army Engineer District, Jacksonville, 1971). The area within a 50- 
mile radius of Jupiter experiences a hurricane on the average of once 
every 9 years, and once every 2.6 years within a 150-mile (240 kilometers) 
radius (U.S. Army Engineer District, Jacksonville, 1968). Ho, Schwerdt, 
and Goodyear (1975) reported that from 1871 to 1973, an average of two 
hurricane or tropical storm tracks crossed each 10 nautical miles (18.5 
kilometers) of coastline in the region between Jupiter and Hollywood; 
about 60 percent of these storms were hurricanes (Fig. 10). In addition, 
an average of 1.44 offshore storm tracks per year was reported passing 
within 100 miles of the coastline in the vicinity of West Palm Beach 
during the same time period. 


4. Oceanographic Data. 
Tides are semidiurnal, with mean and spring ranges of 2.5 and 3.3 
feet (0.76 and 1.01 meters), respectively (National Oceanic and Atmos- 


pheric Administration, 1973). The axis of the north-flowing Florida 
Current passes quite close to the shoreline in the study area, with an 


2 | 


Velocities MPH 


Based on 6-hour readings over an 


010 5 8-year period from 1 July 1936 to 
Bie 16 31 July 1946, by the U.S. Weather 
———— i} fe 20 Bureau at West Palm Beach, Florida 
eum «=? | to 30 (3.6 miles west of beach ) 
mms 3! ond over 
Figure 9. Average direction, duration, and velocity of winds for 


1 year at West Palm Beach (from U.S. Congress, 1948). 
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Figure 10. 


Accumulative count of hurricane and tropical storm tracks 
passing the coast (1871 to 1973). Based on counts along 
heavy dashlines shown projected normal to coast (from Ho, 
Schwedt, and Goodyear, 1975). 
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average speed of 3 knots. Lee (1969) documented the western edge of the 
Florida Current approximately 6,000 feet (2,000 meters) offshore at Boca 
Raton, along the edge of the Continental Shelf, with north-flowing sur- 
face currents between 0.6 and 1.5 knots. He measured comparable south- 
flowing currents in the same area which were attributed to large eddies 
produced by the Florida Current. Raymond (1972) suggested that the 
western edge of the current can move as far landward as the 60-foot 
(18.3 meters) depth contour. 


In an analysis of long-period sea level data, Hicks (1972) determined 
a trend in relative sea level rise of approximately 0.007 foot (0.2 centi- 
meter) per year at Miami Beach. Assuming an average beach slope of 1 on 
10, this means that the shoreline position will retreat more than 1 foot 
(0.3 meter) in 16 years, due to this factor alone. 


Visual observations of wind waves collected by shipboard observers 
for the U.S. Naval Weather Service Command were summarized by Walton 
(1973), and are shown in Figures 11 and 12. These data show that the 
largest percentage of waves are from the east and are less than 4 feet 
in height. 


5. Beach Material. 


The beach material at all three sites is medium to coarse, shelly 
sand. Rusnak, Stockman, and Hoffman (1966) reported a variable but 
systematic increase in shell content from Jacksonville south to Miami, 
with a high of 89 percent near Boca Raton Inlet. They attributed 40 to 
50 percent of the shell material to erosion of the Anastasia Formation 
and the remainder to newly formed shells. In a study of beaches in the 
vicinity of Cape Canaveral, Field and Duane (1974) found that grain size 
increased with increasing shell content and attributed high shell content 
to local injection by erosion of coquinoid limestone. 


Duane and Meisburger (1969) observed a transition zone in shelf topog- 
raphy and sediments in the vicinity of Boca Raton. To the north, the 
gently dipping shelf was found to be composed of an homogeneous fine- to 
medium- grained, gray, quartzose sand. To the south, the shelf was de- 
scribed as a series of two or three steplike linear flats separated by 
low reeflike ridges, with sediments composed of white to gray, calcareous 
skeletal sand and gravel. The inner flat is relatively fine sand and 
rock separating the shelf and nearshore zones of coarser and composition- 
ally dissimilar materials. Duane and Meisburger (1969) concluded that, 
south of Boca Raton, sand movement between the beach and shelf either in 
a landward or seaward direction was improbable. Similarly, based on a 
study of the shelf sediments, they concluded that little if any sediment 
is transported into the shelf area from the north of Boca Raton to the 
south. They attributed tm sttu production of sediment by reef organisms 
as the primary source of shelf sediments south of Boca Raton. 


Raymond (1972) described the shallow offshore terraces, reefs, and 
sand deposits of Broward County, including the Hollywood site, and 
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Wave period rose for offshore wave climate, SSMO Data Square 


No. 12, annual (from Walton, 1973). 


Figure 12. 


concluded that beach sand transported offshore becomes trapped in deep 
interreef troughs and cannot be returned to the beaches naturally. 
Raymond noted anomalously high percentages of fine quartz sand in the 
vicinity of Port Everglades and Hillsboro Inlets. 


Sand samples, collected by the U.S. Army Engineer District, Jackson- 
ville (1968) in the vicinity of the Jupiter site and analyzed using siev- 
ing techniques, had median diameters ranging from 0.42 millimeter (1.25 
phi) on the dune to 2.20 millimeters (-1.14 phi) at -6 feet MLW, and 
rapidly decreasing farther offshore. Samples taken from offshore by the 
University of Florida (1969) indicated that the borrow material was very 
poorly sorted and had a larger median grain diameter than the natural 
material on the beach (0.56 versus 0.29 millimeter, 0.83 versus 1.74 phi). 


A set of surface samples collected during this study at Boca Raton 
and analyzed on the CERC Rapid Sediment Analyzer (RSA) (Duane and 
Meisburger, 1969, p. 2) had median diameters ranging from 0.30 millimeter 
(1.71 phi) at the toe of the dune to 1.15 millimeters (-0.20 phi) on the 
berm, and 0.33 millimeter (1.60 phi) at -13 feet (-4.0 meters) MSL. 
Samples from the beach face were generally coarser, with median diameters 
of 0.8 to 1.0 millimeter (0.32 to 0.0 phi). Shell content, as determined 
by acid solubility, was 40 to 65 percent. Surface samples collected from 
Hollywood and analyzed on the RSA had median diameters ranging from 0.27 
to 0.92 millimeter (1.89 to 0.12 phi). Dune samples had the least varia- 
bilkiktye in) median) diameters (0.42) to, 025i) millimeter, 1.25 to 0.97 phi); 
foreshore samples had the greatest variability (0.27 to 0.92 millimeter). 
In general, samples from all three sites were well sorted to moderately 
well sorted (Folk, 1965). A tabulation of sand size for samples collected 
during this study is in Appendix A. 


II. PROCEDURE 


1. Littoral Parameters. 


Littoral environment observations, based on a procedure by Berg (1968) 
and Balsillie and Bruno (1973), were made once a week at Jupiter and 
Hollywood and up to five times a week at Boca Raton. The surf observa- 
tions included visual estimates of breaker height and period, the direc- 
tion from which the breakers were coming, and the type of breaker (i.e., 
spilling, plunging, surging, or spill-plunge). Wind observations in- 
cluded the measurement of windspeed with a hand-held Florite anemometer 
(Fig. 13), and the determination of the direction from which the wind was 


Figure 13. Hand-held anemometer. 
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blowing. The longshore current observations included the measurement of 
current speed between the breaker zone and the shoreline, using fluores- 
cein or rhodamine-B dye; the distance from shore to the point of measure- 
ment; and the determination of the direction of the flowing current. 
Water temperature and rip current spacing were also recorded. 


Breaker direction was determined by one of three different visual 
estimation techniques during the study--the compass sector, coastal sec- 
tor, and protractor methods. Between January and September 1969 the 
direction of breaker approach was classified by one of five possible 
compass sectors, assuming a north-south shoreline orientation at each 
site (Fig. 14,a). Between September 1969 and August 1972 the coastal 
sector method was adopted in an attempt to differentiate the majority 
of breaker direction observations which had been previously classified 
as approaching from the east sector (Fig. 14,b). In September 1972, the 
protractor method was adopted which allowed the recording of breaker 
direction to the nearest degree (Fig. 14,c). 


Breaker height was visually estimated to the nearest foot between 
January 1969 and August 1972. After August 1972, a change in format 
allowed breaker height to be recorded to the nearest 0.1 foot (0.03 
meter). 


Observations of beach surface features included the measurement of 
the berm-crest elevation above or below a fixed reference point, the 
distance between the berm crest and a known reference point, the slope 
of the foreshore, and the spacing of beach cusps, if present. The fore- 
shore slope was measured by using either an Abney level (Fig. 15) or a 
marine sextant as an inclinometer. 


All of the data were recorded in a standard surveyor's field note- 
book and later transferred to a standardized data reporting form. The 
same principal observer collected all of the data at each of the three 
Sites between January 1969 and July 1972. A new principal observer took 
over the data collection in August 1972 and continued through June 1973. 


As part of another CERC study, a wave gage was maintained at the end 
of the Lake Worth Municipal Fishing Pier, 16.5 miles (26.5 kilometers) 
to the north of the Boca Raton site. The gage was operational during the 
following intervals of the present study: January to October 1969, March 
to May 1971, and January to February 1973. Storms, especially electrical 
storms, were the general cause of gage failure. A step-resistance gage 
was used through 1971, when it was replaced with a Baylor gage. 


A cooperative surf observation program (COSOP) between CERC and the 
U.S. Coast Guard Light Station at Hillsboro Inlet, located approximately 
8 miles (12.8 kilometers) south gf the Boca Raton site, has been in exist- 
ence since 1955. Data collected during the first 10 years (17,940 obser- 
vations) were summarized in Galvin and Seelig (1969). 
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e 
SHORELINE OBSERVER 


a. COMPASS SECTOR METHOD (Jan. 1969 to Sept. 1969) 


Ht No Waves, 
Fill in Zero. 


Shoreline Observer 
LAND 


b. COASTAL SECTOR METHOD (Sept. 1969 to Aug.1972) 


OCEAN 


80 90 100 


SHORELINE SHORELINE 


OBSERVER 
c. PROTRACTOR METHOD (Aug.1972 to June 197 3) 


Figure 14. Breaker notation methods. 
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Figure 15. Abney level. 


2. Beach Profile Surveys. 


Rows of pipes were established perpendicular to the coastline at each 
site to determine elevation changes along the beach profile lines. The 
pipe method of measuring beach profile changes has been used in a number 
of studies (e.g., Inman and Rusnak, 1956; Harrison and Wagner, 1964; 
Williamson, 1972) and is discussed by Urban and Galvin (1969). Two-inch- 
diameter (5.1 centimeters) galvanized pipes were driven into the sand and 
beach rock with a pneumatic jackhammer (Fig. 16; Gonzalez, 1970). Many 
of the subaqueous (below MLW) pipes did not require the jackhammer tech- 
nique, as sufficient sand cover existed for standard jetting installation. 


Two rows of pipes were driven at both Jupiter and Hollywood, and four 
rows were driven at Boca Raton; each row was numbered from north to south. 
Spacing between rows was approximately 250 feet at Jupiter and Hollywood, 
and 250, 150, and 100 feet, from north to south at Boca Raton. The dis- 
tance between adjacent pipes on the same profile line was approximately 
28 feet (8.5 meters), with the exception of subaqueous pipes at Boca 
Raton and Hollywood, where the spacing was approximately 50 feet. The 
subaqueous pipes at Boca Raton were connected by a handline to facili- 
tate the survey of that part of the profile by scuba-equipped divers 
(Fig. 17). Figure 18 is a plan view of the completed profile installa- 
tion at Boca Raton. 


Beach surface elevations relative to MSL were determined by measur- 
ing the distance between the sand surface and a permanent reference mark 
on each pipe. Elevations of the pipe reference marks were determined by 
standard transit and stadia rod or hand level surveying techniques using 
established bench marks in the vicinity (see Fig. 19). 


With the exception of the subaqueous profile surveys at Boca Raton, 
all data were recorded directly in a standard field notebook. Subaqueous 
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Figure 16. Pneumatic jackhammer setup for driving profile pipes 
into sand and beach rock. 
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Figure 17. Diver making subaqueous sand level 
measurement at the Boca Raton site. 
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__ -s— Philadelphia Rod 


Level Surveyed Pipe Tops 


Backsight 


Bench Mark 


Auxiliary Mark 


Figure 19. Pipe profile control survey. 


profile data were recorded on a plastic writing board, and transferred to 
the notebook immediately following the dive. The pipe profile data were 
then transferred to a standardized data sheet for use in an IBM optical 
mark page reader. 


3. Survey Precision. 


Each profile line was referenced to an existing known bench mark in 
the area. Pipe stations were located to the nearest foot along the pro- 
file line, and the elevations of reference marks on the pipes were lo- 
cated to the nearest one-tenth of a foot. Reference marks were initially 
notches in the pipe. Later, the pipe tops were used for reference eleva- 
tions. An instrument survey of all pipe stations was completed three 
times during the study. Individual pipe stations were resurveyed using 
hand level techniques whenever they were repaired or replaced. 


The profile surveys consisted of sand level measurements from the 
pipe reference marks. These measurements were recorded to the nearest 
inch, but before January 1972 were rounded to the nearest 0.5 foot (15.2 
centimeters) for computer processing. After January 1972 the sand level 
measurements were rounded to the nearest 2 inches. The rounding was felt 
necessary in order to keep the data reporting form, which was designed 
for use by untrained observers, as simple as possible. The pipe profile 
method is discussed in Section IV. 


Profile documentation data, including bench-mark locations, profile 
azimuths, and pipe-stationing and reference elevations are presented in 
Appendix B. 

4. Data Reduction. 
Before being converted to standard punchcard format, the data sheets 


were visually checked for proper coding of date and location and for 
obvious errors. LEO data were tabulated by month and visually edited 
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for unreasonable data (see App. C). Errors were checked against original 
field notes and either corrected or deleted. 


Since breaker direction was recorded in three formats during this 
study, an arbitrary standardization procedure was used. Breaker direc- 
tion data were standardized to the protractor notation as follows: com- 
pass sector notations of northeast, east, and southeast were assigned to 
coastal sectors 1, 3, and 5, respectively (Fig. 14). Occasional observa- 
tions of east-northeast and east-southeast were coded as sectors 2 and 3. 
There were no observations from sectors north or south. Coastal sector 
notations were then converted to angles as follows: data falling in sec- 
tors 2, 3, or 4 were treated as having angles equal to the respective 
basector angle: i-e., 73°, 90°, and 107°. Data im sectors 1 and 5 were 
asSigned values of 45° and 135°, respectively. Protractor direction 
notations (Fig. 14,c) were used for all computations using breaker 
angles. For display purposes, breaker directions were regrouped into 
coastal sectors. 


The raw pipe profile data, which consist of distances from pipe tops 
or reference marks to the sand level, were combined with the surveyed 
distance-elevation pair for each pipe to obtain ground elevations. The 
reduced data were then run through two separate editing programs. Obvi- 
ous errors were checked against field notes and with the observer. These 
errors generally appeared as spikes in an otherwise smooth profile shape, 
and were errors of 1 foot or more in elevation. They were commonly the 
result of transcribing errors, but also occurred as the result of damaged 
pipes. (In the case of the subaqueous profiles, the observer occasion- 
ally misidentified or unknowingly skipped a pipe station along a profile. 
However, this was a rare occurrence that was usually immediately apparent 
and corrected in the field at the completion of a survey.) The corrected 
data were then rerun through the editing routines for further checks. It 
was usually necessary to repeat the editing process several times. 


The largest amount of time in processing the data was spent in such 
quality control. After the data had been screened for obvious errors, 
they were transferred to magnetic tape for further analysis. The profile 
data were analyzed for changes in the MSL shoreline position and changes 
in the cross-sectional area between successive profile surveys. 


The MSL intercept was interpolated for each profile survey. If more 
than one intercept occurred, the landwardmost position was used. If the 
profile survey did not reach the MSL elevation, but did reach the +2-foot 
(+0.61 meter) elevation, the profile was extrapolated to get the MSL inter- 
cept. Any profile survey not reaching a minimum elevation of +2 feet was 
discarded. 


A total of 117 profile surveys (or 2.4 percent of the total) did not 
cross the +2-foot intercept. Most of these were collected during 10 sep- 
arate two-tidal cycle series of 3-hour surveys, which are discussed sep- 
arately. 
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5. MSL Position and Unit Volume. 


The distance-elevation coordinates of the MSL contour intercept with 
the initial survey on each profile line were defined as the origin (0, 0) 
of a new coordinate system, to which all subsequent surveys were refer- 
enced (Fig. 20). Negative distances indicate stations landward of the 
MSL intercept with the initial profile; positive distances indicate sea- 
ward stations. 
ty 
Later Survey 


Elevation ( ft ) 


6) 
Distance ( ft ) |. 


Figure 20. Profile coordinate system. 


Unit volume was obtained from the area under the profile. Beach and 
nearshore cross-sectional areas were computed (in square feet) under each 
surveyed profile. These areas are bounded by four lines: the vertical 
line projected from the landwardmost station, the MSL elevation, the 
-12-foot elevation, and by the surveyed profile (Fig. 21). The total area 
is defined as that area bounded by the vertical line through the landward- 
most station, the -12-foot elevation, and the surveyed profile. The beach 
area is that part of the total area above the MSL elevation. The nearshore 
area is the difference between the total area and the beach area. The 
beach area was computed by summing 1-foot horizontal slices (Fig. 21,a) 
and the total area was computed by summing vertical slices (Fig. 21,b). 
Area change between successive surveys was then computed by subtracting 
the area under the second survey from the area under the first (Fig. 22). 
These cross-sectional areas were then converted to the volumetric notation, 
termed "unit volume,'' of cubic yards per linear foot of beach. 
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Figure 21. Beach and nearshore profile areas. 
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Figure 22. Definition of MSL shoreline change and 
subaerial unit volume change. 


III. RESULTS: LITTORAL ENVIRONMENT OBSERVATIONS 
1. Statistical Significance. 


Littoral environment observations and sand height were measured once 
a week at Jupiter (Thursday) and Hollywood (Tuesday), and five times a 
week (Monday to Friday) at Boca Raton. In analyzing these data, several 
points must be considered relative to the frequency of data collection 
at each site and the statistical significance of the length of the study. 
First, there is the problem of comparing or relating data which have been 
taken once a week (Hollywood and Jupiter) to data taken five times a week 
(Boca Raton). Certain apparent differences in the three sites may be 
attributable to insufficient data from either Hollywood or Jupiter. To 
test the statistical significance of once-a-week versus five-times-a-week 
sampling, a comparison was made between the set of daily breaker height 
and period data collected at Boca Raton and a once-a-week sample from that 
same data set. To simulate the sampling plan at Jupiter and Hollywood, a 
subsample which included every Wednesday observation was selected from the 
Boca Raton data. If no Wednesday observation was made, the closest obser- 
vation day was selected. This test resulted in a subsample of 229 obser- 
vations out of a total sample of 1,077 observations. The average annual 
breaker height from both the total sample and the subsample was 2.0 feet, 
with a standard deviation of 1.4. Average breaker period from both the 
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total sample and the subsample was 4.8 seconds (o = 1.4 and 1.3). These 
values indicate that there is no significant difference between the two 
data sets, and suggest that comparisons of data collected from the three 
Sites are valid. 


A second consideration is the fact that the study was made during an 
interval of 4.5 years in an area where a hurricane is expected only once 
in 6 years and a tropical disturbance only once in 3 years. Although such 
storms have not been considered as destructive to the southeast Florida 
beaches as winter northeasters (U.S. Army Engineer District, Jacksonville, 
1968), their effect on beaches has not been quantified, and is probably 
significant. No hurricanes passed within 300 miles (483 kilometers) of 
the three sites during the study. Three tropical disturbances passed 
within a 50-mile radius. 


2. Winds and Storms. 


Monthly wind roses summarizing data from this study are plotted for 
each site in Figures 23, 24, and 25. Winds are predominantly onshore 
with speeds ranging from 8 to 15 miles per hour. Winds from the south- 
east occur the greatest percentage of time and prevail during March 
through August. Higher velocities are associated with northeasterlies 
which occur mainly during September through February. The strongest off- 
shore winds occur during the winter months (November through March) and 
are predominantly from the northwest. There is little difference between 
the annual averages for the three sites, except that Jupiter has a greater 
occurrence of northerly flow. 


In general, the LEO wind data confirm the West Palm Beach wind data 
summarized in Figure 9. The annual wind rose from Boca Raton (Fig. 23) 
indicates onshore winds 66 percent of the time (see App. D for monthly 
averages per year); the West Palm Beach data indicate onshore winds 57 
percent of the time. Both sets of data confirm the predominant southeast 
wind direction. The Boca Raton data indicate approximately 9 percent of 
the onshore winds are less than 4 miles (1.6 kilometers) per hour; the 
West Palm Beach data indicate that approximately 22 percent of the on- 
shore winds at that island site are 5 miles (8 kilometers) per hour or 
NESSq 


Although no hurricanes occurred within the study period, at least 
one hurricane (Agnes) did affect the local weather system as it moved 
northward over the Gulf of Mexico. Southerly winds of 15 to 17 miles 
(24 to 27 kilometers) per hour were recorded at Boca Raton and Hollywood 
as Hurricane Agnes passed some 350 miles (560 kilometers) to the west on 
20 June 1972. 


Gale-force winds were observed only once--during the 22 to 25 Decen- 
ber 1971 northeaster at Jupiter, when a windspeed of 40 miles per hour 
was recorded. A windspeed of 30 miles (48 kilometers) per hour was 
measured during the same storm at Boca Raton. At least four tropical 
storms or tropical depressions passed within 100 miles of the study area. 


39 


*zeqatdne worz 


y38W3930 


€L nf eZ Ol 69 NUE O02 
QOrysd 3H1 ONIYNG 031931109 
SNOILHAN3SBO NO O3S¥e 41bO 


was GEE EEO) BD HO HES 


” oF cs on ot 


*susqo JO “}od asnond 


3OXN3AU TUNNNY <\ Va 


HOTYO 14 


SoSOL PUTIM UeoW “FZ 9in3 TJ 


UBGHSAON 4y3a80190 


y3eHa1das 


3nnr ASH 


AubnYe3s AMBONUE 


Yall done S3S0u ONIM 


40 


"uoIeY BOOg WOTF SOSOL PUIM UeOW “PZ oINSTA 


438H3930 Y3IBHIAON 4390150 438W31d3S 


€c nner 92 O1 69 NYC ZO 
OO1y3d 3H1 ONTYNO 031931109 
SNOT1HAN3S80 NO O3S¥B b1¥O 


co oe fH a 


"susqO }0 9d 


anne ABH 


39ONY3AN TYNNNY 


lds HIYBH Auenyaa4 AMBNNED 


vaTYO14 NOlbY BIDE S4SOu ONIM 


4| 


“pOOMATTOH WOLF SOSOL PUTM UBOW *SZ 9ANSTY 


439HW3930 YSBHIAON 4380190 ¥38H91d3S 


€L nore 92 OL 69 934 0 
Qo1u3d 3H1 ONTYNO 03 1103 
SNOILUAY3S8O NO Q3Sb8 41bO 


2 


“susqo 40 49d isnony anne 


JOUY3AN TENNNY 


T1ddb. ‘ HIB AMBNYaIS AMBNNUE 


bOTYO 14 GOOMA110H S3S04 UNIM 


42 


Tropical Storm Gerda crossed the coastline near Palm Beach on 6 September 
1969, before returning to sea to reach full hurricane force as it travel- 
ed north. Tropical Storm Felice passed within 90 miles (144 kilometers) 
to the southwest of the study area on 13 September 1970. MHurricane Beth 
began as a tropical storm just off the southeast coast of Florida on 10 
August 1971. Hurricane Dawn was also spawned off the southeast Florida 
coast, and briefly moved through the study area in its tropical depres- 
sion stage on 5 September 1972. None of these storms had a significant 
effect on the study area, other than locally heavy rain and winds of 9 

to 14 miles (14 to 22 kilometers) per hour. 


At least 21 other significant storms affected the area during the 
study. These storms lasted from 2 to 3 days with winds out of the east- 
erm quadrant at 18 to 24 miles (29 to 38 kilometers) per hour. The three 
most Significant storms were on 24 and 25 October 1969, 23, 24, and 25 
December 1971, and 9 to 12 February 1973. 


3. Wave Observations. 


Breaker height roses summarizing height and direction data from each 
of the three sites are plotted in Figures 26, 27, and 28. Monthly breaker 
height roses from Boca Raton are plotted for each year in Appendix E. 


Wave direction was recorded at the seawardmost line of breakers, 
where most of the wave refraction had already occurred. From all of the 
observations made during this study, the greatest percentage of breakers 
approached the shoreline from the sector between 85° to 95° (ig, 14) 2 83 
percent were from this sector at Boca Raton and Hollywood, and 34 per- 
cent were from this sector at Jupiter. 


Since only a very small angle from a shore-normal breaker approach is 
required to initiate longshore current flow, it is convenient to refine 
direction notation further than this 10° sector in order to predict the 
direction of the longshore sediment transport. Table 1 lists the breaker 
direction distributions within the 11° sector, 85° to 95°, for those obser- 
vations made according to the protractor method. These data indicate that 
more than 50 percent of the observations that would normally be grouped in 
sector 3 represent directions of approach other than shore-normal. 


Table 1. Breaker direction distributions from protractor method.! 


Total obsns. | Total obsns. | 
85° to 95° || <85° 


Relative freyguency 


Jupiter 58 0.31 
Boca Raton 0.45 
Hollywood 0.34 


1Data collected from August 1972 to June 1973. 
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Figure 26. Breaker height rose for Jupiter, 20 January 1969 


to 28 June 1973. 
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Figure 27. Breaker height rose for Boca Raton, 
2 January 1969 to 29 June 1973. 
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Figure 28. 


(ft) 


Breaker height rose for Hollywood, 
4 February 1969 to 26 June 1973. 
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The frequency of breaker observations approaching "normal'' to the 
shoreline, as defined by each of the three direction notations used is 
listed in Table 2. During use of the compass sector method at Boca Raton, 
the breakers were recorded as approaching from the "east" sector 46 per- 
cent of the time. When breaker direction was recorded to the nearest 
degree, only 21 percent of the observations were reported as shore-normal 
at Boca Raton. Large differences were noted between the frequency of 
"shore-normal' observations using the 10° coastal sector 3 notation and 
the frequency of observations within the 85° to 95° protractor method 
sector. This suggests that when an observer detected a small angle from 
a direct onshore breaker approach, either sector 2 or 4 was recorded when 
using the coastal sector method. 


Table 2. “Normal” ss approach frequency for visual methods. 


Jan. 1969 to Sept.1969 2 ty aC): AG Mad | ee eee 


Compass sector 


Coastal sector Sept. 1969 to Aug. 1972 


85° to 95° 


Protractor 


Aug. 1972 to June 1973 


° 


90 


Protractor 


No data. 


Aug. 1972 to June 1973 


Observations which were made using the compass sector method, and 
subsequently converted to the coastal sector notation, show a strong 
bias toward sectors 1 and 5, a result of the relatively crude precision 
of notation (see App. C, January through September 1969). Observations 
subsequent to September 1969 suggest an observer bias influenced by the 
abandoned compass sector method until September 1970, after which direc- 
tion observations appear unbiased. 


In comparing the three methods of determining breaker direction, it 
is apparent that the compass sector method is the least useful for engi- 
neering purposes. The coastal sector method tends to over-represent 
breakers approaching from sectors 2 and 4, while the protractor method 
May over-represent breakers approaching 90° (see coastal sector and 90° 
protractor entries in Table 2). The average annual directions for all 
data were as follows: Jupiter, 87.1°; Boca Raton, 90.7°; and Hollywood, 
90.4°. 


At Jupiter, the higher breakers generally came from the northeast and 
prevailed during August through April. However, the highest breakers 
(8 feet) were observed during storms coming directly onshore (two obser- 
- vations) or from the southeast (one observation). Breakers from the 
southeast were predominant during May through July. 


At Boca Raton, the higher breakers generally came from the southeast 
and prevailed during April through September. The highest breakers came 
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from the northeast, however, in the wake of the 9 to 12 February 1973 
northeaster, when 10-foot breakers were reported approaching at an angle 
of 10° to the north of a normal approach. Breakers from the northeast 
were predominant during October through March. 


At Hollywood, the higher breakers were generally from the southeast 
and prevailed during January, March, May through July, and September. 
The highest breakers (5 feet) were observed coming directly onshore (two 
observations). Breakers from the northeast predominated during February, 
April, August, and October through December. 


Figure 29 is a plot of the monthly averages of breaker height and 
period from the three sites. Both parameters decreased from north to 
south, which may have been the result of attenuation of waves by the 
Bahama Banks. Average breaker heights at Jupiter, Boca Raton, and Holly- 
wood, from north to south were 2.8, 2.0, and 1.6 feet (0.8, 0.61, and 


10 

6 Breaker Height (ft) Breaker Period (s) 
A Jupiter A 
fo) Boca Raton e@ 

8 O Hollywood a 


O 
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Figure 29. Monthly mean breaker height and period (visual observations). 
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0.49 meter), respectively. Average breaker periods at Jupiter were about 
1.1 times greater than at Boca Raton and 1.2 times greater than at Holly- 
wood. The lowest average breaker height occurred in August at Jupiter 
and Hollywood, but in June at Boca Raton. The highest average breaker 
height occurred in October at Jupiter, February at Boca Raton, and Decem- 
ber at Hollywood. 


Figure 30 is a comparison of the monthly breaker averages from Boca 
Raton with similar visual observation data collected at the Hillsboro 
Inlet Light Station and with wave gage data collected at Lake Worth. The 
wave gage data were collected during the study period; the Hillsboro Inlet 
data were collected between January 1955 and December 1965. A good corre- 
lation can be seen between the two sets of visual observations of height 
and period, and the wave gage height data. Lower heights and periods 


Breaker Height (ft) Breaker Period (s) 


10 B Lake Worth Wave Gage oO 
@ Boca Raton (LEO) fo) 
A Hillsboro Inlet (COSOP) a 


Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. 


Figure 30. Comparison of visually observed and measured height and 
period data (monthly means). 
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occurred during June through August, with higher heights and periods 
occurring in September through April. A north-to-south decrease in 
height and period was also apparent for the three localities. The large 
discrepancy between period observations, as measured by the gage and by 
visual observers, might be due to a filtering effect caused by the shoal- 
ing and breaking of incoming waves. Gage observations were made 800 feet 
from the shoreline in an 18-foot water depth; visual observations were 
made in the breaker zone. The longer period winter waves may reform 
several shorter period secondary waves between the position of the gage 
and the breaker zone. Shorter period summer waves appear to remain more 
stable up to the breaker zone. Other explanations for the differences 
between visual and gage period observations may be the sheltering of the 
Boca Raton and Hollywood sites by the Bahama Banks, and the wider shelf 
at and north of the Lake Worth gage, which takes its damping toll prefer- 
entially on the long waves (R.G. Dean, CERB, personal communication, 
1976). 


Using data from the Boca Raton site for the interval October 1969 to 
March 1972, DeWall and Richter (1972) related the observed parameters of 
wind velocity and direction to those of breaker height and direction 
using the coastal sector method. This was done by deriving the ratio 
of a measure of the southerly component of the longshore energy flux to 
a measure of the total longshore energy flux (Fig. 31). Winds directly 
east or west and waves approaching normal to the shoreline were not com- 
puted. The monthly averages of these directional ratios correlate well, 
with a peak occurrence of northerly winds and waves in November and 
southerly winds and waves in August. The data imply an abrupt change 
in direction between the mean conditions in August (flow predominantly 
from south to north) and September (flow usually from north to south). 


4. Longshore Current Observations. 


Longshore currents, the littoral currents in the breaker zone moving 
essentially parallel to the shore, are principally generated by waves 
breaking at an angle to the shoreline. As indicated in the Shore Protec- 
tion Manual (SPM) (U.S. Army, Corps of Engineers, Coastal Engineering 
Research Center, 1975), these currents are largely responsible for long- 
shore sediment transport. 


Longshore current data are compiled in Figure 32. The monthly mean 
current velocities (positive values equal flow from north to south) are 
superimposed as circles on each histogram; monthly mean current speeds 
(absolute values) as triangles (see App. B for definitions of these 
terms, and a tabulation of the monthly and annual averages). 


The maximum observed longshore current velocity at each of the sites 
was +4.28, +4.53, and -3.48 feet (+1.3, +1.38, and -1.06 meters) per 
second at Jupiter, Boca Raton, and Hollywood, respectively. The average 
current speed decreased north to south from highs of 0.93 foot (0.28 
meter) per second at Jupiter, and 0.92 foot (0.28 meter) per second at 
Boca Raton, to a low of 0.81 foot (0.25 meter) per second at Hollywood. 
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Fraction of Wind (V ) and Wave (H ) Energy from North 
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oO 
| 
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| 
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Monthly averages for all available 
data, 1 Oct. 1969 to 31 Mar. 1972, 
Boca Raton 


a 
Sept. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June July Aug. 


Figure 31. Correlation between measures of wind and wave energy 
(from DeWall and Richter, 1972). 
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Reversals in current direction occurred during almost any given 
month at each locality (Fig. 32). However, a definite seasonal pattern 
of reversals is evident at Boca Raton where the data were collected most 
frequently. The seasonal change in direction at Boca Raton indicated for 
monthly averages of wind and waves (Fig. 31) is confirmed by the longshore 
current data in Figure 32. At Boca Raton, currents flowing to the north 
dominate during April through August. Currents to the south dominate 
during September through February. Seasonal reversals are not as clear 
at Jupiter and Hollywood, which is probably a result of the less frequent 
observations. However, there is a definite tendency toward southerly 
currents during the winter months. 


The annual vector sum of all longshore current velocity measurements 
1s) small and) directed) to) the South: "At Jupiter, it is 0222) foot (soz 
meter) per second to the south, and at Boca Raton and Hollywood it is 
effectively zero (0.02 and 0.01 foot (0.006 and 0.003 meter) per second, 
respectively). The direction and the relative ordering of the vector 
Sums agree with the direction and relative ordering of longshore trans- 


oe at the three sites (Table 3) (U.S. Army, Corps of Engineers, 
1971). 


Table 3. Longshore transport estimates. Units are in cubic yards per year. 


This study” 
Locality U.S. Army, Walton Galvin Das SPM 
Corps of Engineers 
(1971)! (1973)? (1972) (1972) (1975) 


Jupiter (St. Lucie) 
Gross 0 wreeeeneenoee 700,000 1,545,680 | 1,459,188 | 2,342,248 
Net 230,000 94,100 — | ---------------- 536,592 674,027 


S. Bh eee S. S. 


Direction 


Boca Raton (Hillsboro) (Hillsboro) 
Gross | wrveveneneoee 711,000 768,320 986,765 | 1,565,017 
Net 120,000 315,000 | ---------------- —10,246 | —14,031 


Direction Ss Go I) cccrccctteoteen N. N. 


Hollywood | (Port Everglades) | (Port Everglades) 
Gross | weewwnww==ae- 727,000 492,980 416,463 628,658 
Net 50,000 259,000 — | ---------------- —9,780 | —177,990 
Direction S S: N. N. 


‘Based on impoundment and dredging records. 


?Estimates of potential transport which are probably not reached because of underlying coquina. 
3Computation based on U.S. Army, Corps of Engineers, Coastal Engineering Research Center (1966). 


Currents to the south were observed 53 percent of the time at Jupiter, 
42 percent at Boca Raton, and 47 percent at Hollywood. Currents to the 
north occurred 34 percent at Jupiter, 40 percent at Boca Raton, and 39 
percent at Hollywood, with "calm" conditions accounting for the remaining 
observations. 
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Monthly mean net current velocities correlated reasonably well with 
monthly mean breaker directions (Fig. 33). During those months when 
breakers were approaching from the south of shore-normal, longshore cur- 
rents generally flowed to the north. During the months when breakers 
were approaching from the north of shore-normal, longshore currents gen- 
erally flowed to the south. As the breaker approach angle increased, so 
did the average current speed. 


5. Longshore Transport. 


Longshore transport rates have been estimated for the southeast coast 
of Florida and are listed in Table 3. U.S. Army, Corps of Engineers (1971) 
summarized estimates of the net transport rate based on impoundment rates 
and dredging records. Walton's (1973) estimates of net and gross long- 
shore transport rates in the study area were based on shipboard observa- 
tions. However, Walton questioned the validity of his estimates south of 
Jupiter Inlet due to possible effects of the Florida Current and the 
Bahama Banks. All estimates have confirmed a net north-to-south trans- 
port direction. Specific field indications of transport direction toward 
the south include the deposition north and erosion south of: (a) South 
Lake Worth jetties, (b) Boca Raton jetties, (c) Hillsboro Inlet jetties, 
(d) Port Everglades jetties, (e) Bakers Haulover jetties, (f) groin at 
Hollywood-Hallendale City line, and (g) seawall and groins at Parker 
Dorado condominium at Hallendale-Golden Beach City line (R.G. Dean, 
personal communication, 1976). The estimated magnitude of the net long- 
shore transport rates as summarized by the U.S. Army, Corps of Engineers 
(1971) is observed to decrease southward between Jupiter and Hollywood. 


Using the breaker height and direction data collected during this 
study, independent longshore transport rates were calculated and are 
listed in the last three columns in Table 3. The gross transport rate 
values from Galvin (1972) were computed by doubling the square of the 
mean yearly breaker height. Values from Das (1972) were computed based 
on individual observations of breaker height and direction. The SPM 
values were computed using the joint frequency distribution of the height 
and direction, following the example of the "wave energy flux method" on 
page 4-102 of the Shore Protection Manual (U.S. Army, Corps of Engineers, 
Coastal Engineering Research Center, 1975). 


It should be noted that the calculated results in Table 3 are only 
potential values, based on available wave energy. Other factors, such 
as limits on the sand supply and protection afforded by the coquina ledge, 
would be expected to reduce the actual longshore transport rate. 


Estimates of gross transport rates using data from this study confirm 
a trend of decreasing magnitude from north to south. However, the compu- 
tation of net transport rates (Das, 1972; SPM) results in an apparently 
anomalous reversal of direction at Boca Raton and Hollywood. The Holly- 
wood reversal is most likely the result of wave refraction at the deep 
entrance channel at Port Everglades, but may also be the result of the 
relatively calm weather which prevailed during the study period. 
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Using a set of LEO data from the vicinity of Channel Islands Harbor, 
Balsillie (1976) showed that monthly averages of longshore current obser- 
vations are a qualitative predictor of longshore transport. Figures 34, 
35, and 36 are plots of monthly mean longshore current velocity versus 
the longshore energy flux in the surf zone (U.S. Army, Corps of Engineers, 
Coastal Engineering Research Center, 1975, eq. 4-29). The observed agree- 
ment confirmed that the longshore current velocity data from southeast 
Florida would also be a reasonable predictor of longshore transport. 


Go | dthicess 


A summary of the highest observed water levels recorded (by month) at 
Miami Beach by NOAA (National Ocean Survey) during the study period, is 
shown in Figure 37. These data show an annual cycle with the maximum 
highest tides occurring in October each year; the lowest tides generally 
occurred between April and June. Harris (1963) concluded that this annual 
cyclicity is predominately meteorological in origin. 


7. Other Observations. 


Beach cusps were recorded for 5.3 percent of the observations at 
Jupiter, 8.3 percent at Boca Raton, and 0.4 percent at Hollywood (one 
observation) ; cusps were present more frequently during January through 
April. Rip currents were observed during 12.7 percent of the observa- 
tions at Jupiter, 7.8 percent at Boca Raton, and 6.0 percent at Hollywood. 


IV. RESULTS: BEACH SURVEYS 


Beach changes are primarily reflected as changes in beach width, slope, 
elevation, and volume. This discussion is divided into the changes ana- 
lyzed over short terms (between surveys) and the changes analyzed over 
the longer seasonal and yearly terms. The term ''average'' used in describ- 
ing beach changes at a locality means the average of data from all pro- 
file lines at that locality; i.e., two at Jupiter, four at Boca Raton, 
or two at Hollywood. 


Survey frequency was generally daily at Boca Raton (except weekends) 
and weekly at Jupiter and Hollywood. In addition, several sets of 3 
hourly surveys were collected through two complete tidal cycles at each 
Site. 


1. Pipe Profile Method. 


Comparison of the pipe profile method for beach surveys with standard 
tape and level surveying techniques shows advantages as well as disadvan- 
tages. 


Advantages include the ease of measuring the exact set of points over 
successive surveys of the profile lines, more rapid surveys, a minimum of 
crew and equipment, and accurate data through the surf zone and nearshore. 
After the installation of the pipe profile lines was completed, one person 
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could complete the survey of a beach profile line in less than 5 minutes. 
The survey of all four nearshore profile lines at Boca Raton was gener- 
ally accomplished by a team of two divers in 30 to 45 minutes. The sand 
level measuring techniques are such that a minimum of training is required 
to complete a survey. The method has been used quite successfully, on a 
limited scale, at several other localities using unpaid observers with 

no previous surveying experience (Urban and Galvin, 1969). 


Disadvantages of the pipe profile method include a smoothing effect 
on the surveyed profile shape, the problem of lost or damaged pipes, the 
possibility of misidentified pipes, and the difficulty of removing the 
pipes when the study is completed. Standard tape and level techniques, 
if properly done, will pick up major changes in slope as they occur be- 
tween the standard-interval stations (Fig. 19). Normally, breaks in 
slope between pipe stations were not recorded in this study, except for 
the positions of the berm crest and any major scarps. The overall effect 
is one of smoothing the profile shape, which may or may not have a signif- 
icant effect on the variable being analyzed. A continual problem with 
the pipe surveying method is the damage or loss of pipes, either through 
natural causes or vandalism. Damaged or lost pipes were replaced as 
required and new pipes were referenced horizontally and vertically with 
respect to adjacent pipes. Those pipes below MSL were occasionally 
buried by migrating bars. Burial lasted from 1 day to several months. 
If extended burial was apparent, a new pipe was installed and releveled 
from the bench mark. The effect of buried pipes was an artificial trunca- 
tion of bed forms on the plotted profile, which might alternately reappear 
as pipes were excavated or replaced (Fig. 38). Similarly, buried pipes re- 
sulted in large artificial gains and losses being computed for the volume 
changes. This problem was particularly evident for the nearshore surveys 
at Boca Raton completed during the last 4 or 5 months of the study. 


A problem not fully recognized at the outset of the study related to 
the safety aspects of the pipe profiling method. Initially, precautions 
were taken to ensure that the pipes were clearly marked with warning 
Signs, fluorescent paint, and flagging. Later, broken pipe stubs, which 
were often rapidly covered with sand after storms, posed a hazard not 
only to unwary bathers, but also to the observers. When the stubs could 
be located, they were cut off smoothly and rethreaded so a new pipe sec- 
tion could be coupled to the top. This was not always easily accomplished, 
as in the breaker zone where visibility was restricted, the stubs quickly 
covered, and working conditions the most difficult. 


At the end of the data collection phase of the study another unantici- 
pated problem was encountered in removing the pipes. Previous studies, 
where jetted-in pipes were removed seasonally, encountered little problem 
in clearing profiles (Urban and Galvin, 1969). However, in this study 
many of the pipes had been in place for nearly 5 years and had been driven 
into beach rock. Complete clearing required the use of jetting gear, heavy 
equipment (a borrowed bulldozer), and, in some cases, explosives. Examina- 
tion of the pipes after removal showed that many pipes had been severely 
deformed below the sand surface either during installation or during 
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Figure 38. Profile changes between two surveys at Boca Raton, 
showing effects of buried pipes. 
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subsequent high-energy storm conditions, and that cementation af the pipes 
by either limonite or calcite had occurred. No geochemical analysis of 
the cementing material was made. 


De Jupiter. 


The beach width on the two Jupiter profiles from the toe of the 
frontal dune to the MSL shoreline ranged from a minimum of 50 feet (Feb- 
ruary 1972) to a maximum of 180 feet (55 meters) (February 1969). The 
average berm elevation was 6.9 feet (2.1 meters). The average monthly 
foreshore slope ranged from 8° to 12°, with an overall average foreshore 
slope of 10° (1 on 5.7). The maximum elevation change at any station was 
8.5 feet (2.6 meters) of accretion at pipe 3 (south row) between June 
1972 and February 1973 during which period a gain of 27.5 cubic yards 
(69.0 cubic meters) of sand per lineal foot of beach was measured. 


a. Short-Term Changes. A total of 223 sets of profile surveys was 
made at Jupiter, averaging once each 7.4 days over the study period. 
Changes between surveys in the MSL shoreline position and in the beach 
volume above the MSL elevation are presented in Appendixes F and G. The 
changes are referenced to the shoreline position and volume of the sub- 
aerial beach at the first survey in January 1969. Positive slopes on the 
plotted curves indicate either progradation or accretion; negative slopes 
indicate erosion. 


The average change in the MSL shoreline position between weekly sur- 
veys was approximately 9 feet (2.7 meters) in either a landward or sea- 
ward direction. The average volumetric gain between weekly surveys when 
accretion occurred was 1.1 cubic yards per foot (2.8 cubic meters per 
meter) of beach; the average loss was 1.3 cubic yards per foot (3.3 cubic 
meters per meter). 


Significant short-term changes were generally associated with ob- 
served periods of high wave activity, but were not necessarily associated 
with local storms. Shoreline and yolumetric changes associated with three 
specific storms are listed in Table 4. The largest loss (an MSL shoreline 
retreat of 63 feet (19.2 meters) and volume loss of 12.6 cuhic yards per 
foot (31.6.cubic meters per meter) ) were observed at profile line II (south 
row), between surveys on 23 and 30 March 1972. These losses were confirmed 
by the observations recorded in the fieldbook on 30 March that the erosion 
was "most unusual this week . . . entire beach in front of pipe profile is 
now mostly rock.'"' However, unusual wind velocities, wave heights, or long- 
shore currents were not observed at the site during either of the two sur- 
veys. There was also no indication from the LEO or COSOP data of higher 
than normal wave activity at Boca Raton or Hillsboro during the same 7-day 
interval. The Lake Worth wave gage was not operational during this time 
period. 


The largest accretion measured between surveys occurred 8 to 15 
June 1972, a gain in the MSL shoreline of 81 feet (24.7 meters) and a 
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Table 4. Storm-induced beach changes. 


Storm date Locality Profile line MSL shoreline 


(ft) 


Subaerial volume 


(yd*/ft) 


Survey date 


October 1969 


Jupiter tet oa rte 20 and 27 


eae mt 


Hollywood —, 21 and 28 


December 1971 


gene oe 


Hollywood fae 21 and 28 


February 1973 


a 


ours <= 


Holly wood par en 6 and 13 
II 
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volumetric gain of 15.3 cubic yards per foot (38.4 cubic meters per 
meter). Unusual conditions are not reflected in the LEO data for these 
two surveys, although the weather system could have been under the in- 
fluence of Tropical Storm Agnes which was developing off the Yucatan 
coast on 14 and 15 June. 


b. Long-Term Changes. Figures 39 and 40 are plots of the average 
monthly MSL shoreline position and volume for the two Jupiter profile 
lines, referenced to the shoreline position and beach volume at the first 
survey (see also Apps. F and G). The plotted regression line is a least 
squares fit for the beach changes from January 1969 through December 1972. 


The zero MSL position in Figure 39 is the value of the MSL position 
at the first survey in January 1969; the starting point for the profile 
line I curve for the MSL position is a negative value, reflecting an 
average MSL position in January 1969 that was slightly landward of the 
MSL position on the first surveyed profile during January 1969. The 
Straight line (-0.4 foot (-0.12 meter) per year) is a least squares fit 
to the average of the monthly values of MSL at the two profiles, using 
the months from January 1969 through December 1972. The partial year of 
data collected after December 1972 was not included in the least squares 
analyses because it was not a complete annual cycle. 


The unit volume data are shown in similar fashion in Figure 40. The 
zero volume in the volume of the first survey, and the straight line 
(-0.71 cubic yard per foot (-1.8 cubic meters per meter) per year) is a 
least squares fit to the 4 years of average monthly averages (January 
1969 through December 1972). The MSL position and unit volume were 
previously defined in Figures 20, 21, and 22. The same format used in 
Figures 39 and 40 is also used for comparable data at Boca Raton and 
Hollywood. 


The monthly MSL and volume changes both indicate cyclic changes at 
Jupiter, with a slight net loss in both the shoreline position and beach 
volume above MSL. There is good correlation between the changes observed 
on the two profile lines, which is expected with a spacing of only 250 
feet. However, the magnitude of changes on profile line II is greater 
than on profile line I, suggesting some variation in the attitude of the 
underlying coquina limestone. There is also a good agreement between 
the two parameters analyzed; i.e., a gain or loss in sand volume is asso- 
ciated with a concurrent gain or loss in the position of the MSL shoreline. 


The cyclic changes are seasonal and may be a result of the onshore- 
offshore sediment transport which has been documented elsewhere by other 
investigators (e.g., King, 1959; Shepard, 1963; Bascom, 1964). During 
the summer months the longer, lower waves transport sand onto the beach, 
causing a seaward translation of the shoreline and an increase in the 
total sand volume on the beach. Another possible explanation for the 
cyclic changes might be the influence of the coquina exposures to the 
north, damming up littoral drift being transported to the north during 
the summer months. 
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Figures 41 and 42 have been rearranged to emphasize the seasonal 
change in shoreline and unit volume. Zero is not the value of the MSL 
position or unit volume on the first survey; instead, zero is the average 
value of all the monthly averages shown in Figures 39 and 40. The indi- 
vidual data points in Figures 41 and 42 are the average value for that 
month, for all the years when data were collected in that month. For 
example, the first point in Figure 41 indicates that the average MSL 
position in January for the five recorded January's was approximately 
7.5 feet (2.2 meters) landward of the average MSL position. The same 
format used in Figures 41 and 42 is also used for comparable data from 
Boca Raton and Hollywood. 


Figures 41 and 42 show a minimum of sand on the beach in April anda 
maximum on the beach in August. The net rate of change, averaged from 
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Figure 41. Seasonal change in MSL position at Jupiter. 
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Mean Monthly Unit Volume ( yd>/ft) 
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Figure 42. 


Seasonal change in subaerial beach to volume at Jupiter. 
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the two profile lines between January 1969 and January 1973, was a shore- 
line retreat of 0.4 foot per year which represented a volume loss rate of 
0.71 cubic yard per lineal foot of beach per year. 


3. Boca Raton. 


Beach width on the four Boca Raton profile lines ranged from a mini- 
mum of 80 feet (24.4 meters) (March 1971) to a maximum of 131 feet (39.9 
meters) (April 1973). The average berm elevation was 7.6 feet (2.3 
meters). The average monthly foreshore slope ranged from 9° to 14°, 
with an overall average foreshore slope of 12° (1 on 4.7). The maximum 
elevation change at any station was a loss of 7 feet (2.1 meters) at 
pipe 4 (profile line II) between January 1970 and March 1971. This was 
representative of a total loss of 9.20 cubic yards per foot (23.1 cubic 
meters per meter) along the entire subaerial profile. 


a Short-Term Changes. Plots of the cumulative MSL shoreline and 
volume changes are presented in Appendixes F and G. The changes are 
referenced to the shoreline position and beach volume at the first sur- 
vey. Profile lines I and II were established and first surveyed in Jan- 
uary 1969; profile lines III and IV were not established and surveyed 
until October 1969. A total of 1,002 sets of profile surveys was made 
on the four Boca Raton profiles at an average of once each 1.5 days over 
the study period. 


The average MSL shoreline change between surveys was 2.5 feet land- 
ward or seaward. The average volumetric gain or loss when a change 
occurred between surveys of the subaerial beach was 0.7 cubic yard per 
foot (1.8 cubic meters per meter). Intervals which resulted in no meas- 
urable net volume changes between surveys occurred about 35 percent of 
the time. 


Similar to the beach changes at Jupiter, the more significant short- 
term changes were generally associated with periods of high wave activity. 
Changes associated with three specific storms are listed in Table 4. The 
largest 24-hour loss was observed at profile line IV on 29 and 30 October 
1969, when east and northeast winds at 25 miles (40 kilometers) per hour 
and 6-foot breakers from the northeast were observed. This storm, which 
closely followed the 24 and 25 October northeaster, caused a shoreline 
retreat of 14 feet (4.3 meters) and volume loss equivalent to 3.3 cubic 
yards per foot (8.3 cubic meters per meter) at profile line IV in the 
24-hour interval. 


The largest 24-hour accretion (2.6 cubic yards per foot, 6.5 cubic 
meters per meter) occurred on profile line II, between surveys on 26 and 
27 October 1970. The shoreline progradation at profile line II was 5 
feet during this same interval. Light westerly winds with breaker heights 
of less than 0.5 foot (0.2 meter) (7.2-second period) on the 26th, in- 
creasing to 2 feet (5.6-second period) on the 27th, were recorded. 
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b. Long-Term Changes. All four profile lines depict cyclic changes, 
with a slight net gain in shoreline position and beach volume (Figs. 43 
and 44). Similar trends of gains and losses were observed on each of 
the four profile lines. Changes on profile lines III and IV most closely 
paralled each other; changes on profile lines I and II, the most widely 
spaced lines, were the most dissimilar of changes on adjacent profile 
lines. Profile line I underwent a significant departure from the trend 
of the three profile lines to the south by gaining sand at a rapid rate 
during the last quarter of 1969 and again in 1970. The 1969 gain appear- 
ed to be coincident with the excavation work at the condominium site 
immediately to the north (Fig. 6). Evidence of a southerly-migrating 
sand hump following the dune-leveling operation, such as reported at 
beach-fill sites elsewhere (Everts, DeWall, and Czerniak, 1974), is not 
apparent from the subsequent changes on profile lines II, III, and IV. 
Similar erosional and accretional trends are reflected by the computed 
volume changes and shoreline position changes at each of the four profiles. 


The changes at Boca Raton appear to be seasonal, but do not show the 
same patter as changes observed at Jupiter. The beach tends to be wider, 
with a maximum sand volume above MSL during the winter months, while the 
maximum loss rates occur during the summer months. Monthly averages of 
the shoreline position and sand volume on the four profiles for an average 
year are plotted in Figures 45 and 46. Maximum beach width and volume 
occur in February and again in June. Minimum beach width occurs in August; 
the minimum beach volume in October. 


D.W. Kirtley, Fort Pierce, Florida (personal communication, 1973), 
Suggested that the encrusting worm reefs, which commonly occur on the 
beach-rock ledge at Boca Raton, may be responsible for the anomalous 
accretion at the site. The worm reefs thrive in the surf zone, and have 
been observed to build their reefs upward by accumulating sand at rates 
of up to 2 centimeters per day in the laboratory. Although the worm-built 
structures probably cannot withstand the forces of storm waves and the 
worms themselves cannot withstand extended burial, they must have an 
effect on the littoral processes and sand storage rates at Boca Raton. 


c. Nearshore Profile Changes. In October 1969 the Boca Raton profile 
lines were extended seaward from the beach-rock ledge to a distance of 540 
feet (165 meters) from the MSL shoreline and an average maximum depth of 
14 feet. A total of 262 nearshore profile surveys was made along each of 
the four profiles at an average of once each 4.5 days. No nearshore sur- 
veys were made from July through December 1972. Nearshore surveys were 
dependent on conditions favorable for safe scuba diving. Unfavorable 
diving conditions were generally caused by high breakers (4 feet or more) 
with resulting high current velocities. Other contributing problems in- 
cluded poor visibility, debris, insufficient air to complete a survey, 
equipment malfunction, and hazardous marine life. 


Seaward of the beach-rock ridge, the nearshore zone consisted of one 
or more longshore bars. These bars were continually shifting in an 
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Figure 45. Seasonal change in MSL position at Boca Raton. 
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Figure 46. Seasonal change in subaerial beach volume at Boca Raton. 
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onshore-offshore direction as well as in an alongshore direction. Figures 
47 to 54 are selected bathymetric plots for the nearshore profiles (modi- 
fied from Richter, 1974). 


For all surveys the station displaying the greatest nearshore sand 
level fluctuation was at pipe 7 on profile line III, located immediately 
seaward of the beach-rock ledge. The sand elevation varied from a high 
of -5.2 feet (-1.6 meters) MSL in April 1970, to a low of -11.6 feet 
(-3.5 meters) MSL in May 1972. Minimum sand level fluctuation occurred 
on the seaward end of profile line I, where elevation varied between 
-15.0 and -15.8 feet (-4.6 and -4.8 meters) MSL. Plots of the cumulative 
nearshore volume change between surveys are presented in Appendix H. 


The average volumetric gain between nearshore surveys when accretion 
occurred was 5 cubic yards per foot (12.6 cubic meters per meter); the 
average loss was 4.9 cubic yards per foot (12.3 cubic meters per meter). 
Since the nearshore section of the profiles is about five times longer 
than the beach section, these volumetric changes indicate that the magni- 
tude of change (per foot of profile length) is of the same order onshore 
as it is in the nearshore zone. However, this conclusion is complicated 
by the unknown changes during times of buried or missing pipes. Inter- 
vals during which there were no measurable net volume changes between 
nearshore surveys occurred about 11 percent of the time. 


The greatest nearshore loss (-24.3 cubic yards per foot, -61.0 cubic 
meters per meter) between surveys occurred on profile line I between 8 
and 10 March 1971. During the same interval the beach lost 0.9 cubic 
yard per foot (2.3 cubic meters per meter) and the shoreline eroded 3.3 
feet. The greatest nearshore gain (+29.9 cubic yards per foot, +75.0 
cubic meters per meter) occurred on profile line III between 30 March 
and 1 April 1970. The beach showed no measurable change in volume or 
shoreline position during the same interval. Although larger nearshore 
volume changes are suggested by the data, they could not be quantified 
due to the problem of lost or buried pipes. 


d. Onshore-Offshore Changes. An objective of this study was to 
quantify the volume of material transported between the beach and near- 
shore region. This onshore-offshore transport has been recognized by 
many investigators (e.g., Johnson, 1919; King, 1959; and Shepard, 1963), 
and is especially evident in some localities as a seasonal fluctuation 
between a "summer" beach and "winter" beach. During storm conditions 
the higher, steeper waves remove sand from the beach, depositing it as 
a bar in the surf zone. As the storm conditions subside the bars begin 
to migrate onshore, welding to the foreshore (Davis and Fox, 1972). 
Other investigators have reported a more complex onshore-offshore bar 
Migration (e.g., Goldsmith, 1969; Richter, 1974). 


Figures 55 to 58 are plots of the beach volume changes versus the 
nearshore volume changes between surveys on each of the four profile 
lines at Boca Raton. The expected trend of onshore-offshore sand trans- 
port is plotted as a diagonal. However, this trend is not observed since 
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Figure 47. Nearshore bathymetry at Boca Raton, 1 October 1969 
(depths in feet). 
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Figure 48. Nearshore bathymetry at Boca Raton, 27 February 1970 
(depths in feet). 
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Figure 49. Nearshore bathymetry at Boca Raton, 30 September 1970 
(depths in feet). 
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Figure 50. Nearshore bathymetry at Boca Raton, 30 April 1971 
(depths in feet). 


78 


Scale (ft) 
100 50 0 100 


oz ae 
Depth contours in ft a 


Row Row Row Row 
S 


Pipe 
Numbers 


6 


Figure 51. Nearshore bathymetry at Boca Raton, 27 August 1971 
(depths in feet). 
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Figure 52. Nearshore bathymetry at Boca Raton, 28 pee 1972 
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Figure 53. Nearshore bathymetry at Boca Raton, 28 February 1973 
(depths in feet). 
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Figure 54. Nearshore bathymetry at Boca Raton, 27 June 1973 
(depths in feet). 
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Figure 55. Beach versus nearshore volume changes at profile line I, 
Boca Raton. 
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Figure 56. Beach versus nearshore volume changes at profile line II, 
Boca Raton. 
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Figure 57. Beach versus nearshore volume changes at profile line III, 
Boca Raton. 
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Figure 58. Beach versus nearshore volume changes at profile line IV, 
Boca Raton. 
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there is no obvious correlation between the volume changes on the two 
parts of the surveyed profiles. This may be an indication that most 
sand is moving in an alongshore direction, rather than in an onshore- 
offshore direction. The apparent lack of correlation also suggests that 
nearshore changes are not related to beach changes, but rather are re- 
lated to the migration of nearshore bars in and out of the area being 
surveyed. 


Other investigators working in the area (Duane and Meisburger, 1969; 
Raymond, 1972; Richter, 1974) have suggested that although sand can move 
offshore from the beaches, it is unlikely to move back onshore, due to 
the steplike configuration of the shore-parallel reefs. This might be 
reflected by a gain in the subaqueous profiles at the expense of the 
subaerial profiles. However, no such evidence is apparent from Figures 
51 to 54. 


4. Hollywood. 


The beach width on the two Hollywood profiles ranged from a minimum 
of 66 feet (20 meters) to a maximum of 130 feet (40 meters), both occur- 
ring in February 1973. The average berm elevation was 5.4 feet (1.6 
meters). The average monthly foreshore slope ranged from 9° to 12 warty 
an average slope of 11° (1 on 5.1). The maximum elevation change at any 
station was 6.8 feet (2.1 meters) of erosion between December 1970 and 
December 1972 at pipe 4 (north row). This change was concurrent with a 
subaerial beach volume loss of 9.34 cubic yards per foot (23.3 cubic 
meters per meter) during the 2-year period. 


a. Short-Term Changes. A total of 223 sets of profile surveys was 
made at Hollywood at an average of once each 7.4 days over the study 
period. Plots of the cumulative change between surveys in the MSL- 
shoreline position and in the volume change above the MSL contour are 
presented in Appendixes F and G. 


The average change in the MSL shoreline position between weekly sur- 
veys was approximately 5 feet in either a landward or seaward direction. 
The average volumetric gain between weekly surveys when accretion oc- 
curred was 0.9 cubic yard per foot (2.3 cubic meters per meter) of beach; 
the average loss was 0.7 cubic yard per foot. 


Storm changes for three specific storms are listed in Table 4. The 
largest volume loss between weekly surveys (-4.9 cubic yards per foot) 
occurred on profile line I (north) between surveys on 2 and 9 December 
1969. This corresponded to a shoreline retreat on profile line I of 8 
feet. Profile line II (south) accreted 2.9 cubic yards per foot (7.3 
cubic meters per meter), with a 28-foot seaward translation of the shore- 
line over the same 7-day interval. The Lake Worth wave gage was not 
operational during this interval. LEO data collected during the two 
surveys do not indicate unusu&’l wind, wave, or current conditions. 
Breaker heights of 2 feet or less were observed at Boca Raton during 
the period of 2 to 9 December 1969. Winds were northeast at 18 miles 
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per hour on 5 December and southeast at 22 miles (35 kilometers) per hour 
on 9 December. Otherwise winds were west and northwest at 19 miles (30 
kilometers) per hour or less. Daily Weather Maps (National Oceanic and 
Atmospheric Administration, 1969) indicated a front passing through the 
study area late on 7 December or early 8 December. 


The largest accretion between weekly surveys occurred on profile line 
I between the 27 February and 6 March 1973 surveys. A volume gain of 7.8 
cubic yards per foot (19.6 cubic meters per meter) and a shoreline advance 
of 57 feet (17.4 meters) were computed. This accretion occurred shortly 
after the 9 to 12 February 1973 storm. 


b. Long-Term Changes. A seasonal trend was not as apparent at Holly- 
wood as at Jupiter and Boca Raton (Figs. 59 and 60). The average rate of 
change of the MSL shoreline for the two profiles was 2.9 feet (0.9 meter) 
per year in a landward direction. However, the net volume rate of change 
for the two profiles indicated a slight gain of 0.04 cubic yard per foot 
(0.10 cubic meter per meter) per year. 


The two profiles, which were spaced only 250 feet apart often under- 
went changes that were opposite in sign; i.e., when profile line I was 
undergoing a gain in shoreline position and sand volume, profile line II 
was often eroding. When profile line II was accreting, profile line I 
was often eroding. This suggests that sand waves were moving along the 
shore, although more than two profile lines are needed to confirm wave- 
lengths and direction of movement. A volumetric gain or loss on either 
profile was generally associated with a gain or loss in the MSL shoreline 
position on the profile. The average monthly gain or loss on the Holly- 
wood profiles was a volume change of 0.88 cubic yard per foot (2.2 cubic 
meters per meter) per month and a shoreline change of 5.2 feet per month. 


Monthly averages of the MSL shoreline position and sand volume for 
an average year are plotted in Figures 61 and 62. These averages indi- 
cate that November is the month of minimum sand in storage on the beach 
and minimum beach width. Maximum beach volume occurs in May and Septen- 
ber; maximum beach width in March. 


5. Three-Hourly Observations. 


Ten sets of continuous LEO observations and beach profile surveys 
were made at 3-hour intervals through two complete tidal cycles during 
the following periods: 4 and 5 December 1969, 8 and 9 February 1973, and 
6 and 7 Junge 1973 at Jupiter; 16 and 17 October 1969, 1 and 2 February 
1973, 23 and 24 May 1973, and 18 and 19 June 1973 at Boca Raton; and 6 
and 7 January 1970, 3 and 4 February 1973, and 30 and 31 May 1973 at 
Hollywood. Data from three sets of these observations are summarized 
in Figures 63, 64, and 65. Each set represents the series showing the 
largest change in the beach profiles at the locality. 


In general, weather was relatively calm throughout most of the con- 


tinuous observation sets, and changes in the subaerial beach profiles 
were small. Subaqueous surveys were not included in the 3-hourly surveys. 
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Figure 64. Three-hourly observations, 1 and 2 
February 1973, Boca Raton. 
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Breaker height during the 6 and 7 June 1973 series at Jupiter aver- 
aged 2.7 feet (0.8 meter) (Fig. 63). The longshore current averaged 1.2 
feet (0.37 meter) per second from the north, except for a period of flow 
toward the north between 1500 and 2400 hours, when two observations of 
-1.9 feet (-0.58 meter) per second were made. Almost no change was ob- 
served on profile line I; profile line II showed a slight loss (0.6 cubic 
yard per foot, 1.5 cubic meters per meter) coincident with the second 
current reversal (returning to flow from the north) and high tide. This 
was followed by a recovery on the falling tide. 


The 1 and 2 February 1973 series at Boca Raton shows the strongest 
wave and current conditions and the largest beach changes of any of the 
series of 3-hour observations (Fig. 64). Breakers averaging 3.7 feet 
(1.1 meters) high generated current velocities averaging 1 foot per sec- 
ond to the north. A shoreline migration of +30 feet (+9.1 meters), rep- 
resenting a volume gain of 2 cubic yards per foot (5.02 cubic meters per 
meter), occurred during a 9-hour interval on profile line I. This coin- 
cided with a sharp drop in the longshore current velocity from -1.5 feet 
(-0.5 meter) per second to less than -0.5 foot (-0.2 meter per second) 
ebbtide. Shoreline and volume changes on profile lines II, III, and IV 
were Significantly smaller. 


The 6 and 7 January 1970 series at Hollywood began in a moderate 
breeze from the southeast, with 4-foot breakers and a falling tide. By 
the end of the series conditions were nearly calm. At the beginning of 
the series, profile line I was eroding, while profile line II was accret- 
ing. The maximum shoreline migration was about 5 feet on both profiles. 
Volume changes were 0.8 cubic yard per foot (2.0 cubic meters per meter) 
on profile line I and 0.2 cubic yard per foot (0.5 cubic meter per meter) 
om profile’ Tine il (Fig. 165)” 


A significant correlation was observed between recorded sand level 
changes and changes in observers during those series when more than one 
observer was used. This observer correlation was most apparent when 
sand level was recorded to the nearest 0.5 foot. Apparent sand level 
changes appeared to be merely cases of rounding errors and differences 
in measurement techniques. 


V. SUMMARY 


1. Observations. 


During the 4.5-year period from January 1969 through June 1973, series 
of littoral environment observations and beach profile surveys were made 
at three locations along the southeast coast of Florida. Frequency of 
observations ranged from once weekly to once daily to once every 3 hours. 


Prevailing winds were onshore at speeds ranging from 8 to 15 miles 
per hour. No hurricanes or major storms occurred during the study period. 
Gale-force winds were observed only once, at Jupiter, during the study. 

A good correlation was found between wind velocity and direction and 
breaker height and direction. 
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For the three sites, there was a systematic measured decrease in the 
severity of the wave climate, from north to south, as well as a decrease 
in the magnitude of beach changes from north to south (Figs. 66, 67, and 
68). Breaker heights averaged 2.8 feet at an average approach direction 
from 2.9° to the north of shore-normal at Jupiter, 2.0 feet from a near- 
normal shoreline approach at Boca Raton, 1.6 feet feet at an average 
approach direction from 0.6° to the south of shore-normal at Hollywood. 
Direction data may be observer-biased toward larger angles from shore- 
normal (see Fig. 14). It is concluded that this systematic change is a 
result of the sheltering effect of the Bahamas. 


Net longshore current speed increased with an increasing breaker 
angle from the shore-normal approach. Average longshore current speed 
(nondirectional) decreased from a maximum of 0.93 foot per second at 
Jupiter, to 0.92 foot per second at Boca Raton, and 0.81 foot per second 
at Hollywood. 


The greatest fluctuation in width of the three beaches (50 to 180 
feet) was observed at Jupiter. Boca Raton displayed the least fluctua- 
tion, 80 to 131 feet, as a result of the natural stabilizing effect from 
the coquina ledge occurring in the intertidal zone. Beach width at Holly- 
wood ranged from 66 to 130 feet. 


2. Seasonal Changes. 


The lowest waves at all three sites occur during the summer months 
and arrive from the southeast; the higher waves occur during the winter 
months and arrive from the northeast. Net longshore current speed and 
direction are directly related to breaker direction. Breakers approach- 
ing from the northeast generate currents flowing toward the south; break- 
ers approaching from the southeast generate currents flowing toward the 
north. 


Beach changes are seasonal at the three localities, but are reversed 
at Boca Raton. At Jupiter and Hollywood, beaches are narrowest in the 
winter with the least amount of sand in storage. At Boca Raton, which 
is 40 miles south of Jupiter and 25 miles north of Hollywood, the beach 
is widest in the winter with the greatest amount of sand in storage; the 
maximum beach loss rates occur during the summer months. Seasonal beach 
changes are two to three times the magnitude of year-to-year changes. 
The magnitude of beach changes through a tidal cycle was of the same 
order as the observed seasonal changes. 


3. Transport. 


Prediction of longshore transport rates at each site, using breaker 
height and direction data, confirms a previously published southward- 
decreasing trend. The prediction of net longshore transport rates 
suggests a nodal zone of convergence between Boca Raton and Jupiter, 
although this feature has not been demonstrated in other studies. 
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Figure 66. Monthly averages of observations, Jupiter. 
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Figure 67. Monthly averages of observations, Boca Raton. 
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Figure 68. Monthly averages of observations, Hollywood. 
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The annual rates of MSL shoreline migration and volume changes for 
the three localities are summarized in Table 5. All profile lines at 
Jupiter and Hollywood showed a net erosion, as indicated by the MSL shore- 
line position. However, one profile line at each of the two sites indica- 
ted a net annual gain in beach volume. The net volume change at Jupiter 
was a loss of 0.71 cubic yard per foot per year; the net change at Holly- 
wood was essentially zero. The profile lines at Boca Raton, however, 
indicated accretion, both by shoreline progradation and by beach volume. 
The volume changes computed over this 4.5-year study are similar to those 
computed by the U.S. Army, Corps of Engineers (1971) for a 26-year period 
ending in 1955. 


Table 5. Rates of change on three southeast Florida beaches. 


Change 


MSL shoreline | Beach volume 
(ft/yr) (yd?/ft/yr) 


Boca Raton I 
: I 
Ill 
IV 
I —2.24 +0.79 
The magnitude of nearshore profile changes at Boca Raton was compara- 
ble to the magnitude of the beach profile changes. However, the changes 
on the two sections of the profiles were not directly related. Shore- 
parallel reefs and the beach-rock ledge at and below the MLW line impede 
the transfer of sand from the nearshore zone to the beach, but allow sand 
to flow from the beach to the offshore zone. Neither the beach nor the 
nearshore profiles provide conclusive evidence of migrating sand waves. 


The presence of sand waves is suggested by changes on the two Hollywood 
profile lines. 


Locality Profile line 


4. Wave Statistics. 


Observations of breaker height and period made on a once-a-week basis 


over the 4.5-year period resulted in the same average as observations 
collected five times a week. 


Of the three methods used to record breaker direction, the method 
allowing notation to the nearest degree was the most useful for predict- 
ing longshore transport rates, although it probably overestimates the 
frequency of waves approaching from 90° to the shoreline. 
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5. Coastal Engineering Design Implications. 


When weekly height and period observations were statistically compar- 
ed with daily height and period observations, no significant difference 
was found. This suggests that for long-term averages, weekly littoral 
environment observations collected over several years will provide rep- 
resentative data of average conditions. However, weekly observations 
will not provide information on the more important extreme events. 


Experience indicates that weekly beach profile surveys adequately 
document seasonal and year-to-year beach changes. 


The pipe profile surveying method is very useful for obtaining 
accurate data through the breaker zone and in the nearshore region. 
However, certain safety and logistics problems must be carefully con- 
sidered before using this technique. 


Long-term beach changes computed for the three southeast Florida 
beaches are relatively small when compared to changes reported for beaches 
on more exposed coasts (U.S. Army, Corps of Engineers, Coastal Engineering 
Research Center, 1975). However, storm changes were found to be of a mag- 
nitude similar to those reported for more exposed coasts, especially at 
Jupiter. 


The underlying coquina limestone and the sheltering effect of the 
Bahamas both have a stabilizing influence on the southeast Florida 
beaches. The effect of storm waves from the open Atlantic Ocean is 
greatly reduced, due to the protection afforded by the Bahama Banks. 
Once the veneer of sand has been removed by storm waves or other forces, 
the underlying coquina greatly reduces further erosion. 
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APPENDIX B 


PROFILE DOCUMENTATION 


Ihe Jupiter. 


Reference elevations at the Jupiter site are based on the elevation 
of bench mark No. 8 (+7.88 feet (+2.4 meters) above MSL), which is a 
sixty-penny nail near the base of a power pole 55 feet east of the 
centerline on Florida State Road 707 (State Highway A1A) and 64.9 feet 
(19.9 meters) south of the Palm Beach-Martin County line. Figure B-1 
shows the relationship between bench mark No. 8 and the Jupiter profile 
lines. Pipe stationing and reference elevations are listed in Tables 
B-1 and B-2. 


2. Boca Raton. 


Reference elevations at the Boca Raton site are based on the eleva- 
tion of bench mark No. 311 (+6.58 feet above MSL) which is approximately 
50 feet west of Highway A1A and located next to the manhole slab on the 
sidewalk on the north side of the Palmetto Park Road, approximately 6,500 
feet (199 meters) south of the site. A new temporary bench mark "A" was 
established at the site--a 1l-inch galvanized pipe which was placed in the 
dune at an elevation of +28.16 feet (+8.5 meters) above MSL. Figure B-2 
shows the relationship between the temporary bench mark ''A'' and the Boca 
Raton profile lines. The radar tower identified in the figure is shown 
as ''Radio Tower" on the U.S. Geological Survey 1969 Boca Raton quadrangle 
map at latitude 26°22'11" N. and longitude 80°4'27" W., and refers to a 
Georgia Institute of Technology radar tower on the site. Pipe station- 
ing and reference elevations are listed in Tables B-1 and B-3. 


3. Hollywood. 


Reference elevations at the Hollywood site are based on the elevation 
of bench mark No. 11 (4.18 feet above MSL), which is a disk located on 
the centerline of State Highway A1A approximately 800 feet north of 
Charleston Avenue. Figure B-3 shows the relationship between bench 
mark No. 11 and the Hollywood profile lines. Pipe stationing and 
reference elevations are listed in Tables B-1 and B-4. 


All bench mark descriptions and elevation data were provided by the 
Florida Ocean Sciences Institute, Inc., Deerfield Beach, Florida. 
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Table B-1. Pipe stationing at the three sites. 
Profile lines (distance in feet). 


Jupiter (two profile lines)” 


land 2 
2 and 3 
3 and 4 
4 and 5 
5 and 6 
6 and 7 
7 and 8 
8 and 9 
9 and 10 


Boca Raton (four profile lines)? 


Hollywood (two profile lines)° 


1 Between adjacent pipestin each profile line. 
2Distance between profile lines I and II is 234 feet at pipe 1 and 254 feet at pipe 10. 


3 Distance between profile lines I and II is 255 + 6 feet, profile lines II and III, 
167 + 18 feet, and profile lines II] and IV, 119 + 12 feet. 


4Distance between pipes for pipes 7 to 17 in all profile lines is approximately 50 feet. 
SDistance between profile lines I and II is 254 feet at pipe 1 and 280 feet at pipe 9. 


ie) 


Table B-2. Elevations of pipe reference marks relative to MSL, Jupiter. 


Elevation (ft) 


enn oan & WwW bw 


— 
S 


During this period pipe tops were used as reference marks. 


2 Missing pipes. 
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Line of sight - NW corner of Cupola, Arvida Bldg. 
Line of sight- SE corner of radar tower 253° 30 
Line of sight- NE corner of radar tower 315° 10: 
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Boca Raton profile line locations. 
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Hollywood profile line locations. 


Figure B-3. 


Table B-4. Elevations of pipe reference marks relative to MSL, Hollywood. 


Elevation (ft) 


[Fe 1969.01 Ang 19TH [Taw ITT 2m 197 | 
ee 
oor a ae 


23 Jan. 1973 through June 1973 
Profile line 


Pipe 


enn’ aun fF wobp = 


During this period pipe tops were used as reference marks. 
2 Missing pipes. 
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APPENDIX C 
LEO SUMMARY REPORT 


Annual summaries of the monthly averages of breaker height, period, 
and type; net and gross longshore current velocities; foreshore slope; 
and percent occurrence and spacing of rips and cusps at the three 
localities are given in Tables C-1 to C-15. 


All breaker direction observations were standardized to the protrac- 
tor method. Perpendicular to the shoreline is defined as the 0° approach 
angle; i.e., breakers are approaching normal to the shoreline. Breakers 
approaching from the right of 0°, as the observer faces the shoreline, 
are noted as negative; those approaching from the left as positive. 
Breaker direction is given as percentage occurrence in range of degrees. 


Longshore current speeds are given in terms of gross and net mean 
rates. The gross mean, Cg, which represents the total of the speeds 
measured, defined as: 

u(Cg + Cy) 
Cosma ahaa 


where Cs and Cy, represent currents flowing to the south and the north, 
respectively. Both Cg and Cy are added as absolute values. The net 
mean longshore current, Cy, a cumulative number with assigned mathe- 
matical direction, is defined as: 
_ U(Cy - Cg) 
m n i 


Thus, net speeds are listed as either negative or positive means, where 


negative mean values indicate a net current speed to the north, positive 
mean values to the south. Rip current and beach cusp spacings are in feet. 


12| 


"hs “st On 
00° 00° 00° 
voe vo° 007 
1S “st “¢ 


a) *ct a) 
@n°ot sectt 0s*6 
"os "st °h 
foe as’ teh 
°ss "st °h 
tse 9n° tees 
°ss OF} °n 
00° 00° 00° 
60% 00° 00° 
00°02 o9tL oo°us 
00° 00° 00° 


*9S rai oT) 
00° 00° 00° 
os*2t 69tL 00° 
00° 00° 00° 
Cyan} 00° 00° 
oL't 00° 00° 
ols 00° 00° 
o.t 00° 00° 
n9%ot 00° 00°S2 
mbes er°st 00°0S 
ou? 00° 00° 
9c°s 00° 00°s2 
te, erst 00° 
62°nt ns°t9 00° 
64°92 00° 00° 
"ss *st a) 
29°t y9° c4°t 
49°S ates Onea 
*ns *st 
40's so° 
62°¢ 26°2 

VANNY ¢@ 330 AQN 


69=<0fe2) ONIOND ONY 69-0251 


43u 


ddas 


°t 

00° 
00° 
00° 
Qoe 
00°00t 


00°09 
sik 
o0° 
Qo° 
00° 
oo° 
go° 
vo° 
go° 
00° 
00° 
Q0° 
00° 
doe 
Que 
00°00t 


cab 
ooe 
00% 


ban 


vo® 
osts 


onV 


00°09 


00°02 


00°09 


Aqn¢ 


ONTLSYAS OOLaId HOS ANTWANS 


00° 


®SHO AINANOW 43O "UN VWAUL AB U9AHOTaX SaV4a TUANNY o 


°o *¢ 
00° 00° 
00? oc° 
°o OF 
00° 00° 
00° 00° 
°o °s 
og, £0°9 
*o a) 
gn" 26° 
) or) 
z0° zo" 
°o 

00° 

00° 

00° 

00° 

oorock 


a) °n 
00° 00° 
00°sS2 00° 
00° 00° 
00° 00" 
00° 00! 
00° 00° 
00° 00° 
00°S2 00°S2 
ou? 00° 
00° 00% 
00° 00° 
00° 00° 
oo° 00? 


°n on 
02°o oe° 
ra thar § Li°n 
on on 
06° 92°t 
4s°¢ oes 
Ava Vleov 


"6961 Lequieseq Og 02 Arenuer OZ ‘teqtdne xox ATeuuMS TeNUUY 


Of °S@0 °ON 
00° SdvdS NV3n 
vo° 7390 4% Sosns 
28 *SuO “ON 
00° “QvdS NV3W 
00° 990 % SdIu 
) °Sa0 °ON 
00° (930) nvaw 
3g018 JsO0HS3HO4 
*2 °SuO °ON 
9n°h NVan SSOu9 
we) "SEO °ON 
6o°* NVan L3N 
(338/44) 
°S60 LNauund 
°2 *Sa0 °ON 
00° nlvd 
00° a90NS 
0u°0S SINNId 
00° Vd/ds 
00°0S Vids 330% 
GdAL B3xV9a8 
19°s* NV3a 
*¢ £SeO °ON 
00° wivd % 
00° Sn*> 330 % 
00° Oge>Xe>Gne 
go°at Oe=r>xrr0fe 
Ece°ae Obe>xer02e 
00° >0Te 
00° >Ge 
frost O=Xx 
00° S =F>x>0 
00° Ob s>x>S 
00° 02 s>x>ut 
00° O& B>x>02 
00° Sm B>X>UE 
00° So < 330 4% 
GQOnL3n suldvylvsd 
NUTLI4410 
0F "Sud °UN 
6n° AIG QLs 
st’s NVdn 
(3238) QOluad 
08 "SO “UN 
00° Adu Qis 
Od'n NVQ 
(44) sHOTaH 
"suo suns 
Nv 
sdalaif tnoet 
e 
T-D eTdeL 


hae 


°Gn 
oo 
oc" 


"Sn 
Osrati 
feet 


°ee 
gs°ot 


Oy 
eg’ 
°Ln 
20° 


°ah 
00° 
4a°at 
92°n 
oo°nt 
60°@9 


ag? 
°os 
00° 
00° 
80°S 
mg*o2 
og°02 
69°s 
a6°9 
9a°tt 
694 
dng 
So°at 
00° 
e1°9 
00° 


°Ln 
ayes 
ots 


°Ln 


92°h 
00°¢ 


TWANNY o 


OLeTys2t ONION Onv OLeg of 


OS 
00° 
ou° 


°s 
00° 
00° 


°0 
00° 


*s 
90°t 
*s 
ss*e 


35 
00° 
00° 
00° 
00°0n 
00°09 


G0°gte 
°s 
00° 
00° 
00°09 
00° 
00° 
00° 
00° 
00°02 
00° 
00° 
00° 
00° 
00°02 
00° 


*s 
ane 
09°S 


OF 
ptet 
ons 


330 


00°s2 
00°S2 


oo°0s 


AON 


°s en °n OF 
00° 00° doe 00° 
vo° vot yo Ou 
°s °o °h OF 
00° oo? 00° 00° 
00° 00° 00° 00° 
*s *n °n %6 
ons S2°o8 ara} 09% 
°c on on oA 
beet 94° ee° 
°¢ ®h *s 
96° 40° eg°2 
a6 Lr) °h "s 
00° 00° Qo° 00° 


00°0e 00°s2 00°0s 00° 


00°02 00°0S Q0°0S 00° v0s 


49°S Se°n gos 95°42 
®9 OF) °9 °6 
ou? 0° oo 00° 
00° 00° 00° 00° 
oo° 00° 00° 00° 
49°9Ot oo° aiecs on°nn 
49°94 00° “£E°CS ononn 
00° 00° vo 00° 
00° 00° oe 00° 
49°93 00°SL 00° treat 
00° 00° 00° 00° 
00° 00° go 00° 
00°0S 00°s2 ff¢se 00° 
00° 00° 00° 00° 
00° 00° go° 00° 
oo° 00° 00° 00° 
°s on or) °¢ 
tect 20%t bnet 94° 
ze°s L5°n 40%s ee°n 
sg i) on OR 
so°t ster os't Oo°s 
09°¢ 00's s2°2 0o°% 
430 4das anv atne 


ONTLaVSS GUladg 404d ANVWHNS 


®SAO ATHLNOW 40 “ON TWAGL AB UFLHOTG* SNV4n TWANNY 6 


°s *¢ 
00° oo° 
vo? 00° 
*¢ 
00°0ut 
gi°ek 
°f OFF 
49°@ 49° 
OF °¢ 
se° 6° 
"s On 
inte tore 
°¢ °¢ 
00° 00° 
00° 008 
00° qa°at 
00° 00° 
oo°00) = 9° 99 
{5°n gorse 
°§ °sS 
00° 00° 
00° 00° 
00° 00% 
00° 00°0n 
00° 00°00 
00° 00° 
49°99 00° 
00° 00° 
oo° 00° 
00° 00° 
fo°Ss 00°02 
00° 00° 
00° 00° 
00° 00° 
°s °¢ 
ot sect 
fa°s Ot°s 
26: *¢ 
is°t go°e 
49°2 49°S 
AVA Vad 


OF OFF 
00° 00° 
00 oué 
OK OF 
0s°1e 00°0S1 
49°99 49°99 
°n °h 


on 
ss° 
°n 
ss° 
°o °n 
00° 00° 
00° 00° 
00° vo? 
00° 00° 


0u°00s 00°00t 


"6 °n 
00° 00° 
00° 00° 
00° 00° 


00° go” 
00°On 00° 
00° 00° 
00°02 00° 
ov° 00°S4 
00° 00°se 
00° 90° 
00° 00° 
00° oo? 
°n °n 
e.° no° 
Seon oto 
*n on 
92°5 zo° 
s.°2 00°¢ 


vOrwol4 


“OL6T LEqueseq [Tg 02 Arenuer g ‘zeqtdne 10F AZTeuMMS TenUUy 


om) °Se0 °ON 

00° “Juds nvad 
oo° ‘Ju % Sasnd 
°n *St0 °on 


00°V0b *IvaS NvgH 
00*%se 230 2% Sdlu 


°s "S00 °ON 
fact (930) nvad 
3g01S Fo0HS4u04 


°n °860 °UN 
nos NV3a SSU59 
a) °S60 °ON 
no*y n¥94 43N 
6248/44) 
£$t0 Lndeand 
a) °SbU °ON 
oo° nly) 
00° 39898 
00°s2 adNNId 
00° Va/as 
00°Sé Vibes 330% 


3dAL o3xVG08 
sist NV3n 


°D 'St0 °ON 
00° aly? % 
00° sn-> 330 % 
00° Ofo>ts>Gno 
00° Oceoxzr0fe 
00° Uberksruze 
00°s2 S* pxkerute 
00° 0 pxXz>Ge 
00° ocx 
00° S 2£>X>0 
00°05 Ob s>x>s 
00° Od =>arct 
00° Of =e>x>02 
00°%s2 Sd s>x>0¢ 
ou? Sn « J2U % 
QOnLan BULIVELOUd 
hOT433u10 

“fh °$60 °ON 
on*h AIG OLS 
21's nVda 

(24S) vOlyad 
*n £$b0 °ON 
Os? AjG OLS 
sacs NVaa 

(43) 4HOTGH 

*suO 4uris 

Nv 


billaift troet 


“C-D 8TqP®L 


123 


“on 
49°ts 
z1°9 


°on 
49°ts 
21°9 


°92 
erent 


°€n 
ge° 
°ih 
fe° 


1) 
00° 
69°2E 
00° 
Sn°22 
06°nh 


Zn°h 
*09 
oo° 
00° 
00's 
fc'et 
to°et 
00° 
00° 
00°02 
00° 
00° 
49°92 
00° 
4o°ut 
00° 


*on 
oat 
a) 


On 
d2*t 
pn°2 

JWANNY 


Vardfee 


es «¢ 
oo° 00° 
vo° 00° 
os °s 
00° 00° 
00° 00° 
LM) OF} 
00° 0o°eat 
°2 rd 
ne® ect 
OC OF} 
nece os*t 
*s °¢ 
00° 00° 
00° 00° 
00 00 
00°0n 49°99 


09 > 
00° 00° 
00° ao° 
00° 00° 


00° 00° 
00° 00° 
00°se2 qe°ae 
00° 00° 
00° 00° 
00° £C°Ce 
00° 00° 
00° fo°et 
00° 00° 
°¢ °¢ 
aves {s‘°t 
91°9 dts 
"s «5 
40°%2 sith 
On?n fork 
e 330 AON 


T UNTONG Gyv teed 


on 


on es °n "Gq 
00°0S 00°%0¢ 00° 00° 
00°s2 Ou 0c gue do° 
en of on on 
00°0S Oo°us 00° 00° 
00°S2 00°02 voe 00° 
oa % i) 

00°2t G2°6 s2ett 

*s °s °D 

nn® 86° in? 

o¢ or on 

mn? 49° go 

or OF on Of 
00° 00° goe 00° 
00°SL 00°02 vores, 00°09 
00° 00° vo? 00° 
00*%S2 00°09 voe 00° 
oo° oo°u2 vurse do°un 
00°Lt 02°0t fge2e fn°es 
op &s °9 Uri 
00° ao° ooe 00° 
00° 00° voe 00° 
00° ou? yoe 00° 
00° 00° f£°Cs Ls*u2 
00° 00° a0°CS dg°92 
00° 00° voe 00° 
00° 00° vo? 00° 
00° 00°0n 49°91 is°a2 
00° ou? Goe 00° 
00° 00° vor 00° 
00°00 00°09 49°94 oe°nt 
00° 00° voe 00° 
00° 00° oo° oo° 
00° oue 00° 00° 
°n a6 on 6 
niet 22°2 bere “uch 
S09 er vores 99°n 
on rs op "5 
os't On°e see 04° 
si*t 9e°s eg* 26° 
130 14346 ony Adnt 


ONTLBVLS OULYId 404 ABYHHNS 


°S$@U AININOW 40 “ON VWLOL AB S2LHOTa* SNHV4Ad TANT & 


oo° 
00°00t 


00°62 
°s 
00° 
00° 
00°02 
00°02 
ou°ve 
00° 
00° 
00°%ve2 
00° 
00° 
0o%v2 
00° 
00° 
ou? 


AVY 


“TL61 Lequeseq Og 02 ALenuer 7 ‘1aqytdne IoF 


2 Or = ¢n 
00° ov? g0%s: 
00° 00° 00°Se 
e2 "s on 
00° Qo° 00°S¢ 
00° 00° 00%s2 
°0 °h °n 
00° oo°sis sith 

°*sS *s 
62° 20°s 
°s OG 
eet ane 
2 os on 
00° 00° 00° 
00°0S Ovro2 oo 
00° ou° 00” 
00° oo%ve 00°0S 
00°05 00°09 00°0S 
49°0ee On°os Q0°% 
*¢ °s *S 
00° ou° 00° 
00° ov° 00° 
qr'ea 00° 00° 

qe'aa ou? 00702 
ge°oa 00° 00°02 
00° 00° 00° 
00° 00° yo° 
00° ov°ve vo°%oe 
00! ou° 00° 
00° 00° 00° 
00° du°0e 00*0e 
00° 00° 00° 
00° 06°09 00°0e 
00° ou° 00° 
2 Os on 
43° aL? sf° 
0579 meey 2L°s 
oe OF on 
tect no°t ee°t 
s9°t og°e os’s 

Wav HaVK a74 

vdinord 


Azewums [Tenuuy 


Of) *SuO °ON 
(ae SJves 1va.. 
00° £220 % Sasn2 
°n °SuO °ON 
oo° S2vds NVGW 
00° 390% 9 Sdtu 
*0 °syO °ON 
00° (930) Nvan 
3a018 4yOnS3a04d 
a) "S40 °ON 
se° NV3q SS0u9 
a) *8HO °ON 
95° NV3n L4N 
6338/44) 
2880 iNdu4nd 
a) °Su0 °ON 
00° nlvd 
00°0S a9uns 
00° 49NN1d 
00° Vd/as 


00°0S VWbds 390% 
3dAL aanviad 


Os*@ NV QW 
mu) *8u0 °ON 
00° nivd % 
00° Sn*> 330 & 
00°S2 OGo>Xs>Gn= 
00° Odm>xzruce 
Ou° Ube>xr>022 
00° S* >X=>0he 
0u° Q px=>G¢ 
00° O=x 
00° SG E>X>0 
00° Ob 5>x>S 
OuuS Ode =>x>0t 
00° Oh 2>x>02 
00°s2 Sn =>x>0¢ 
a0° sn < 920 % 
GOHL94 40LIVeLONd 
NOt4I44010 
*n °SuO °ON 
Ss* Aau als 
sf°s NVQH 
(248) Qoluad 
a) £80 “ON 
os? Adu Gis 
S2ce NV QW 
(44) AHOT3H 


wu dans 


ealidnr troe' 


“¢-) 9T9eL 


124 


°In 
Os*@n 
9476 


*On 
0o°4SS 
Os*et 


“Le 
2s°tt 


°9of 
06° 
°o¢ 
Sees 


°th 
00° 
O2°at 
z2a%% 
Tot 
86°09 


49°96 
*on 
00° 
Ou° 
éc°at 
£0°9t 
f0°ot 
no°%@ 
80°D 
dt°at 
90°R 
90°R 
neeet 
00° 
noe2 
no°e 


"On 
26° 
6f°S 
"th 


60°s 
nse? 


AVANNY o 


00° 
gc°at 


49°99 


00° 
00° 


*¢ 
6e° 
f6°2 
Of 


as°t 
49°2 


330 


*2 

00° 

ou° 

°2 
00°O2st 
00°0S 


0G 
os°9 
*t 
29° 
Of} 
29° 


0o°00s 


oo"te 


AON 


2Let2e2h ONTUNd Qwv 2209 af 


°n *t *2 °n 
00° 00° oo° 00° 
vo* vo° 00° 00° 
Of *h Urey °f 
00°¢99 00° oo° 00° 
49°99 00° oo° 00° 
°n ey °0 oo) 
0sts Oost Oo° oo°rt 
ey oy OTs 8p 
g6° OB? sa nee 
°n ey OV wr) 
gc? Og*s f° nhs 
on oy °2 "y 
00° 00° doe 00° 
00° 00° 00°0S 00° 
00°sS2 00°00s 90° 00° 
00%0S ou? vo° 00° 
00°S2 00° 00°0S 00°00s 
os’s 0o°s os*g oo°sne 
on oy °2 i) 
00° 00° Go° 00° 
00° 00° go 00° 
00° 00° oo° 00°00t 
90° 00° yoe 00° 
00° 00° g0° 00° 
oo° 00° 00° 00° 
o0°se 00° 00° 00° 
00° 00° 00%0S 00° 
00%s2 Ooooh 00° 00° 
00°0S 00° go° 0a° 
00° ove g0°%0S 00° 
00° 00° oo° 00° 
00° 00° 00° 00° 
00° 00° voe 00° 
"nh OR °2 °n 
92°¢ 00° ster 4s° 
So°n 09°n 0e°9 0s°s 
on oy °2 a) 
09°%2 00° ene @s° 
sL°¢ 00%e Ou? os°e 
420 43S anv aint 


ONTLBVAS GOTYdd BOF ABVWAIIS 


®SG0 ATHLNOW JO “ON WAOk AB GIAHOTIM SNVAn TINNY 6 


a) *¢ 
oo° 00° 
ou 00° 
°p "¢ 
00° 00° 
00° 00° 
°n *¢ 
Oo*st 29°91 
“SE Of 
89° go°t 
°s *¢ 
fees Ince 


°n oy 
00° 00° 
00°S2 00° 
oo° 00" 
00° 00° 


°S “fn 
ou® 00° 
00° 00° 


00° 00° 
00° 00” 
00°02 00° 
vo? 00° 
Qo° 00° 
00° 00° 
00° 00° 
00° 00°se 
doe 00° 
°p ¢ 
64° or 
So°n ots 
a) 06 
es° as° 
Os*t 19'S 
AVn adv 


Hoavn 


vOLsO14d 


‘76, toqueseq [Zz 03 Axrenuee 9 ‘104tdne t0oF ATewUMS [eNUUYy 


a) *SuO “ON 
00°0S *JvdS NvaH 
00's2 "520 % Sd$)9 
°n °SuO °ON 
00°US *JvdsS NV3H 
00°s2 29G % SdIu 
*0 S8a0 °ON 
00° 6930) NV3W 
3d018 J3yO0HS3404 
ne, *Sa0 °ON 
get NVan SS0u9 
°2 °8g0 "UN 
Q2°bo NV3H LIN 
6238/44) 
2600 LNFauNd 
*h °880 °ON 
00° nlyd 
00°s2 a9uns 
00° a9NNId 
00°0S Ta/ds 
00°S2 Vids 390% 
AdAL w3axVId4d 
00°%e° NV3W 
°s "80 °On 
00° wiv) % 
ou° Sne> 390 % 
00°02 OF=>xX=>Gne 
00°02 Oeerx=>0te 
00°02 Obe>xs>02= 
00° S= >X=>0Te 
00° Q >X=>G% 
0o%0d Q=x 
00° S =>x>0 
00° Ob m>x>S 
00°02 O2 =>xr0t 
00° OL B>xrv2 
00° Sn ©>x>0E 
00° Sn < Jdu % 
GQOWHL9H BOLIVELOdd 
NOTLI4410 
*h *8uO “ON 
oo°s A3Q Gis 
s9°9 NV3W 
(938) Goluad 
a) "SuO “ON 
6s*h N3Q Gls 
4s°2 NV OW 
(44) JH9T9H 
°sa0 suns 
Nvo 
esitait tnoet 
° 
v-O 9T9eL 


125 


"S@0 ATHLNOW 40 "ON TWWiud AG O3LHOT3" SNVGH TWANNY « 


"On "0 o') *0 *0 °0 a) "st *¢ °n *n °2t °n °$a0 °ON 
00°S9 00° 00° 00° 00° goe 00° 00° 00° qr°09 00°20s oo" 00°%2en "JvdS NV3H 
os*2t oc’ es 00° Go° vor 00° 0c° ou* voesd vots2 00! 00 se "390 4 baSi9 
0) a) i) *0 *9 °0 *9 °sh *s *h a) eet °b *SuO °ON 
49°99 00° 00° 00° 00° go° 00° 00° 00° 00°SL 00°0S 00° 00° *JvdS NV4W 
oss 00° 00° 00° 00° 00° 00° 00° 00° 00°0s 00°s2 00° oo° JJu x Sard 
"ec Li) °0 £9 °9 °9 A) eet es on ) ee) or) "S50 °ON 
ts°9 00° 00° 00° 00° 00° 00° eve fs°o sick Sen 00°9 se°a (930) nvan 
3g01S 3uOHSay04 
*0p 09 *9 °9 &9 °0 ®9 °st °¢ °n ®h 21 en "Sao °ON 
tres 00° 00° 00° 00° doe 00° “ect he® qo°t 22°t 4e° 60's NVaH $SO0u9 
®0n e909 9 ®°9 29 °9 °9 Lay °¢ Ur) ®n eer ) *Seo "ON 
@s°* 00° 00° 00° 00° 00° 00° Sp° are (320 26° ng9° 60°! NV3n aN 
623S/14) 
°SuO AN3uuND 
"On LX) *9 a) *9 °0 om) "sh OR °n °D at °9 °860 °ON 
00° 00° 00° 00° oo° Boe 00° 00° 00° 00° 00° 90° 00° w1v2 
oa 00° 00° 00° 00° vo? 00° 00° 00° 00° 00° 00° 00° a9unS 
Os®at 00° 00° 00° 00° 00° 00° 69°L 00° 00° 00°sS2 ££°@ 00°0S a9NNI1d 
00°02 00° 00° 00° 00° 00° 00° 64°08 aes 00°se Oo*%se {f°@ 00° ld/ds 
05°19 90° 00° 00° 00° goe 00° stg 49°99 00°SL 00°0S c£°Se oo°oS Vids 330% 
3dAL y3nV9u9 
Os*2s 00° 00° 00° 00° 00° 00° 43°90 £i°h sete 02° os*te 00° NV wi 
°on £0 *0 °0 °0 °0 0 °al °s *n °s eat 1) *8y0 °ON 
oo 00° 00° oo° 00° 00° 00° 00° 00° 00° 00° 00° 00° wiv2 4 
oo 00° 00° 00° 00° 00° 00° 00° 00° 00° 00° 00° 00° Sre> 390 3% 
Lte2 00° 00° 00° 00° 00° 00° 00° 00° 00‘s2 00° 00° 00° OS*>Xz>Gne 
ost 00° 00° 00° 00° 00° 00° ede 0u° 00° 00°02 00° 00° Oge>xsr0¢0 
no°gt 00° 00° 00° 00° 00° 00° a°de 00° 00° 00°02 00° 00° Oberxzr02e 
O1°s 00° 00° 00° 00° 00° 00° 49°93 00° 00° 00° gi°o 00° Se pxsrote 
orcat 00° 00° 00° 00° 00° 00° 00° 00° 00° 00°02 00°S2 0 »>Xn>G6 
to°s2 00° 00° 060° 00° oo? 00° 49°91 49°99 00°Se 00°02 00°se Q=K 
no'st 00° 00° oo” 00° 00° 00° treks 00° 00°Se¢ 00° 00°s2e S 2>x>0 
SS°n 00° 00° 00° 00° 00° 00° 00° eo°ae 00° 00° Oo°s2 Ob e>x>S 
ate2 00° 00° 00° 00° go° 00° 00° 00° 00° 00°02 00° Og e>x>ut 
dte2 00° 00° oo° 00° o0° 00° 00° 00° 00°Se 00° 00° O§ s>x>02 
oo 00° 00° 00° 00° 00° 00° 00° 00° 00° 00° 00° Sn E>K>0E 
00° 00° 00° 00° 00° 00° 00° 00° 00° 00° 00° 00° Sn < 32u % 
Q04k3n HOLIVUELGda 
NOTLI9UIC 
"On *0 *0 %9 *9 °0 *9 ba) *¢ °n °o °2h a) *8uO °UN 
tres 00° 00° 00° 00° yoe 00° ag°t ss° er? tore e2°t ze°4 A3Q OAs 
t3°n 00° 00° 00° 00° 00° 00° fi°n 49°S ons 22°s 06's Olo NVax 
(238) OOlHad 
°0h °0 °9 °0 a) °0 °9 °gt *¢ on a) Ora} a) *8u0 "On 
29°5 00° 00° 00° 00° 00° 00° fe° 62° oa°t 02°s tet usce Aja ais 
ts°2 00° 00° 00° 00° oo° 00° s°2 to's se°2 Zhon 49°t 0S°n NVan 
(44) AHOT3H 
°S§80 suns 
YANNY @ 230 AON 430 443s ony aqne anne AVR Wiad MIVA 34 ave 
€Le9269 ONION GNV §49nh 28 SNILYVAS GOTuad BOs AYVHHNS voluold eallanf toot 


“C16T ounge gz 03 Adenuer y ‘azoqtTdne ZOoF ATeWUMS YQUOU-xTS °S-) 9eTdeL 


126 


880 ATHLNOH 40 °ON WWiOd AG QILHOTIX SNVdH TTANNY 6 


*s22 "02 OB *ge or "ah *2t "al "he *L2 *92 "te Ura} °8HO °UN 
Oo%ed o0%n, 00°09 al°oe 00° dos 00° 00° ou? 00° 90° 0° octoe "2hds NV3W 
fi" 00°S2 c's: fies vue Gor 00° Qo’ 00° 00° Ou" g0° tt°u "330 x $49n2 
*s22 "02 O78 *e2 "or st ®t at *te "Le *92 "he at *Su0 °ON 
S£°S6 00°ns 00°08 aL°oe 00°005 00°092 00° 00° 00° 00° ou's 00° 00° “3vds NVau 
9s*tt 00°Se 6e°s¢ ot 2g 00°" acest 00° 00° 00° 00% Ses 00° 00° 320 % = =Sdtu 
°49t *et “qt *92 a) "et *ot °al *h2 "92 ut om) a) SSuO °ON 
94°et acts arcot 2o°tr oo°st eo°nt owest s9°st as°ut 29°sh 60°nt oo° 00° 6940) NvaW 
4q01S 3yOHSaHO4 
Ld *et et *e2 a) °at ®et °et *t2 *92 °2e °ef °SHO °ON 
go's gnet thes oles Ly nbet t9° bee £9° mies Lo°t e2°t NV3H SSOud 
*one *ot out *ee a) °ah “at °eh *be *92 *2e °et °SyO °ON 
62° to? 19° to? plete SQ°%o is* S2°e Sn° on? 9L° 69° NV3H LN 
(238/44) 
*SaO LN3uuNd 
°s22 "02 O73 *e2 "ot °£h °at *el "te "92 °22 ani °Sao °ON 
bn? 00° 00° 00° oo° oo o°e 00° 00° 00° 00° 00° wlv2 
{£%on 00°0S elo tn nbe2s 00°On 42°05 0o°uS 9S°Ss 29°Ln a4°s9 2e°te 98°95 a98NS 
{2° oo°ur ee°S 00%se 00%0¢ et'st ic’e 00° 9L°n oo° 00° Leese 39nNId 
oe° 00° 00° 45°S 00° goe 00° 00° 00° 00° SS°n Qo° d/ds 
00°On 00°On ne°es 62°6S 00°OS se°as feat on’nn 29° Ln 29°nk n9°st 94°98 Vilds 390% 
adAL Y9xVING 
00° este gnent 00°%2te Li°Lee Ss*ne= 49°98 9e°2 se°se 69°42 Vo°ot sos NV3n 
*02 Ona *e2 *or °st eat *et "te °92 *92 *ge *th *SbO °ON 
00° 00° 00° 00° aoe 2°e Qo° ou* 00° 00° 00° 00° wiv) % 
00° 00° 00° 00°O" 2°69 oo°us on°nn 25°%6 26°92 f2°ot oL°@ 0f%6 sn*> 390 & 
00°0n 94°tt nt ag oo° go? 00° 00° 00° 00° oo° 00° 00° Of*>xz>Sne 
00° 00° 00° 00° vo 00° 00° 00° 00° 00° sf°n TOKE «O02 @>xar0ke 
00° oo° 00° 00° voe 00° 00° 00° 00° 00° Sf°h L9°bb Ob *>xe>026 
00° 00° oa° 00° 00° 00° 00° 00° 00° 00° 00° 00° GS] >xXs>0te 
00° 00° go° ou° oo° 00° 00° 00° 00° ou° 00° 00° 0 >xK=>Ge 
00° In°o2 Ls°s 00°09 69% 49°in 9S°SS eb°oL 00°0S acest Si°n S9°n O=x 
00° 00° 00° 00° 00° 00° 00° Qu° 00° 00° 00° S  =5>x>0 
00° 00° 00° 00° goe 00° 00° 00° oo° 00° 00° Ob E>x>S 
00° 00° 00° 00° go° 00° 00° 00° 00° 00° on'sS 02 =>x>0t 
00° 00° 00° 00° 00° 00° 00° ao° ou° 00° 00° O% =>x>U02 
00°09 2e°es 62°n9 oo° oo° 00° go° 0v° 00° Si'n 00° Gn =>x>0¢ 
00° 00° go° oo°ot wo°se 00° 00° oe°nt £2°ot ac°s9 bo°ae 0£%6 Sn < 990 % 
QOHLdan BULIVELOdd 
NOTLI39410 
*ts2 °02 “ot *e2 “ot °st Sat. °el "12 °L2 "92 °22 *er °SB0 °ON 
eet 96° 98° e2°t obe2 anet s9° 96° 4s° eL° 91°8 9i°t 62°h Aju als 
Oe'n fL°n a9°n 06°n 0@°s 20%n na°s 2e°s to°n of'n 90°S fe°s n9°s NV an 
, 6239S) goluad 
"one °02 out *e2 °@ °st at *gt *h2 td 92 °22 OAR "SuO °ON 
Snes 2cct nes ret eect Tnet fe°t e2°t 2a°t si°t o2°s ict 09°t AaG ais 
be°2 19°t 96°5 thee oute2 ebee 29°75 bnet 2u°e 902 ence ryt See NVdn 
(44) QHOT3H 
°s80 duns 
WANNY 6 230 AON 420 4das anv Ant ANNe AYW Widav HIUVn CER] nw? 
OFeTEe2h ONTONT AQnv o9e¢ ef ONL LaVAS O0Lddd HOF AYVRWAS volaul4 NOAVd Vue 2n0et 


"6961 Lequieseq Tg 03 Arenuer Z ‘uoj,eY edO0g TOF ATeuUMS [eNUUY *9-) STqeL 


127 


"tee 
on?ts 
sieat 


*t£2 
onto 
Sdeat 


*ete 
ss°et 


"ste 
{6° 

"ate 
40% 


°Me2 
£4°s 
Os °oE 
0o°s 
f9°s 
pr°es 


fre 
"One 
49°t 
00° 
5°62 
$i°e 
$4°s 
00° 
00° 
@0°Le 
00° 
00° 
Oo°ot 
60° 
a0%nd 
00° 


*922 
96° 

$9°n 
"tG2 


weet 
o2°2 


AVANNY 2@ 


Odetfee) ONIONS ANV O4eS of 


230 


AON 


22 ai "02 "02 
00° 00°0n 00%9s 00° 
one hus 00% Alo\e 
22 a} *02 ‘02 
00° 00°On 00°95 00° 
90° Cara 00°s 00° 
°22 va} 202 02 
00°23 An°at Os¢ns Og°at 
°22 nt "02 “02 
to? ns° ise s9° 
te "nt °0e "02 
os? Sz°e 48% Os*s 
°e2 out °02 “02 
SS°n 00° Bo°os 00° 
aL°2e e2°ss 00°0n Oucue 
00° 00° 00° 00° 
20°8k 9uctt 00° 00° 


b6°On ne°2s 00°05 0o°ue 


es°st 2o°ee 00°Cte 00°4e° 


ne S22 °02 °02 
A0°n 00° 00°05 00° 
00° 00° 00° 00° 
00° SS°n 90°0s 00°04 
si°@ {2°22 00° 00° 
{t°@ {4°22 00° 00° 
00° 00° 00° 00° 
o0° 00° Q0° 00° 
4o°9t ee°re 00°0n Qo°ue 
00° 00° 00° 00° 
00° 00° 00° 00° 
0S°29 etet yo? 00° 
00° 00° 00° 00° 
00° 00° go° 00°08 
00° 00° 00° 00° 
*te *ot °9os * OG 
ast b6° ene ae° 
48° 18°n ss°s Zo°n 
°2e fat °02 °0e 
bret 9n°s cues 95°s 
09°2 Gn°2 9S°4 1°? 
430 4438 onv adnt 


ONTARVAS OOLudd BOS ABVAWNS 


"S80 ATHANOW 40 °UN IWiod AW U2LHOTa¥ SNV3W T¥ANAY 8 


"02 
£9°S9 
00°0h 
*0e 
19°S9 
00°un 


*02 
06° 
°et 
Ones 
‘at 
byte 


°o2 
Ou%s 


00° 
00°S6 


Os*ne 


00°09 
00° 


00° 
0o°st 


°0e 
qn°tg 
oc*ss 


*0¢ 
qn°s9 
0078 


*02 
sitth 


*sh 
qies 
"si 
g2°e 


"te 
00°uL 


*te 
86° 
6s°n 


*te 
@e°t 
29°¢ 


HIUVn 


vOlauld 


*0¢ 
G2°9S 
0° un 


*02 
$e°9s 
00°On 


°02 
os*gt 


“OL6T Tequieseq [¢g 03 Azenuer g ‘uo.eY ed0g TOF ATeUMMS TeNUUy 


*yt °SyuO °UN 
OSse4S “JedS NV3A 
1o°RE #350 x Sasnd 


"at °840 °ON 
0S°LS SdvdS NV3n 
f0°as d3u % Sdlu 


*gt °S40 °ON 


49°2t (940) Nvad 
43d018 J80nSdn04 


ful *6u0 “ON 
b°s NVan §8009 
ut 28u0 °ON 
fo° NVaW 13N 
6238/14) 
°SuO ANauund 
at *840 °ON 
00° ale) 
ou°at 29096 
49°93 29nd 
00° Id/ds 
nn?nn VWids 330% 
adAL Y3nVIEE 
ostat NV dw 
°at *8b0 °UN 
00° wivd % 
00° Snm=> J)u % 
49°9ot Oxo>Xs>cne 
00° O@*>xX=>uUte 
00° Obe>xar020 
00° S° pXerule 
00° 0 >xX=>Se 
@L°42 O=x 
00° S B>x>0 
00° Ob g>x>S 
00° Og s>x>01 
00° Qk s>x>02 
9S°SS Gn s>x>0E 
00° Sn < 990 % 
GQOHL3n BULIVYLOAG 
Nolidauld 
°et *8y0 "ON 
ee° Aau gis 
@.°n NV3n 
(94S) GOlHad 
eet °S8y0 °UN 
os*t Ada ais 
0s°2 NV3q 
(44) SHOTSH 
°sfO suns 
ave 


NOAVd VIOE envel 


“L-D 9TdeL 


128 


®S60 ATHLNOW JO “UN WWL0k AB U9LHOT3* SNVSH TVANNY 6 


“ge Site sgl te sive: *ee eal ee 02 *0¢ 22 "02 02 "SuU °ON 
00°09 00°uS 00° oo° 00° do? 00° 00° 00° 00° 00°u0} g0°0S 00°0S “JvdS NVdH 
acre Ltn ou yo° 00° 00° 00° 6s? vue 00° ss*p 00°04 00°S "490 % SaSNd 
°sne OG oat ORE te "22 eal °22 "02 ‘02 22 02 "02 "660 °ON 
00°09 00°0S 00° 00° 00° oo° 00° o0° 00° 00° 00°00s 00°0S 0o°0S “dvds NVaw 
no°e 9L°n 00° 00° 00° go° 00° 00° ov° 00° SS°n 00°O! 00's 230 % Sdi¥ 
°ost alt *9 *s a °22 ol ®2e eat 6 ‘02 Daa eel "SHO °ON 
60°nt oo°st 2o°ut oe°st 2rest In°os Os°ot agent no°st elcsh So°nt o4°eh Ostet (930) NvaW 
= 34018 3yOHS4u04 
"pte at Oe "le *te "02 out le ot ‘02 22 sat *02 *SuO °ON 
vee stot 2e°s bee 4L° one fo® 62° An? ane ou't f6° ds° NvaH $SOu9 
*nte et eat te *t2 "02 out te ot *0e *22 at "02 °SuO °UN 
00° 20% 69° 90° On? pf%e op°e the 2g°%e toe 91° f{0%e NV3W L3N 
6938/14) 
°S4O ANJuuND 
one be ogt ote itd sgt 22 °02 cot °22 202 02 *SuO °ON 
oo° . 00° 00° 00° 00° 00° 00° 00° 00° 00° 00° 00° wd 
@t°on 9L°n treat So°09 9e°2n 95°SS eels 00°S9 ascan t6°on 00°St 00°S9 398NS 
00° 00° 00° 00° 00° 00° 00° 00° 00° 00° 00° 00° a9NN Id 
95°9 2s°6 49°93 00° 94°n 00° 00° 00° ge°s no°st 00°02 00°ot 1d/as 


92°oh baese 2e°ed S0°ot ag°es hn°on {4°22 00°SE afcan Sn°sn 00°Sn 00°s2 Vids 330% 


adAL Banvaud 


z5°te dne2e 06°6 eere tec2 9e°e° 09°9e 4s°ge o9°se 24°n to's O@'n NV ad 
*pod 60g ‘te °se *92 te "ee *s2 °Ge °s2 sive » 202 "SHO °ON 
00° 00° 00° go° 00° 00° 00° Qo° 00° 00° 00° 00° wiv % 
00° 00° 00° 00° 00° 00° 00° 00° 00° 00° 00° 00° Sn*> 920 4 
So°st 00° 9L°n 00°2t ns°tt ee°nt e2ent marke o0°2t Oo°ve ef°ut 00°OS Ogm>X=>gne 
Vorat 00°08 o2°nt 00°9t f2°ot o2°ot 00°se no°st 00°0¢ ov°et n0°¢h 00° Oe>xz>uce 
foeut 00°08 oe°nt 00°94 f2%ot 62°ot 00°S2 no°st 00°0e oo°et no°st 00° Obe>xe>028 
00° 00° 00° 90° 00° 00° 00° 00° 00° 00° ou? S* >xsrute 
00° 00° 00° 00° oo° 00° 00° 00° 00° 00° 00° 0 >xX=>S8 
€s°92 00°08 is*e2 00°0¢ esest opeas 9e°at fh°ot 00°ne ou'ot 00°02 Q=x 
60° 00° 00° 00° 00° 00° 00° 00° 00° 00° 00° S =>x>0 
00° 00° 00° 00° 00° 00° 00° 00° 00% ou? 00° Ob E>x>S 
perat 49°S 2s°6 00°2s ec*st 00° e2°nt 04°@ 00°0e oo°y OO°St 02 s>x>0I 
00° 00° 00° 00° 00° 00° 00° 00° 00° 00° 00° 08 =>x>02 
sarst gc°s 46°e2 00° £2°ot 00° 4S°¢ Si°n 00°n oo°es 60°92 Oo°Ss Sm a>xK>0E 
00° 00° 00° 00° 00° 00° 00° 00° 00° 00° 00° OO2 -. Sa Go Bay 13 
QOHL3H HULIVYELOdd 
NOTA934I0 
*gn2 te et *h2 "te out OG 802 02 *e2 "02 °SHO °ON 
oe°t 90° ga°t oL't 60° Z6° qs°t ss° a? g0°s 4s° Aa0 G18 
pnes oo°s to°s 9L°n On’s oy°o o4°s 64°9 ee°9 si°s 96°S NV4n 
(24S) goluad 
®sn2 te gt "te Of "ez ot °22 °02 *0e °22 02 *SyO °UN 
po°t to°t Ors 45° ocet 66° Su? pn? 99° ores 02° qo°s Aju Gls 
os*t nS°e st°e o°t o9°t weet toes ns° 00°s g0et 26°s to°t NV GW 
(44) 4H9L3H 
*se0 suns 
TWONNY o 230 AON 430 4d3$ ony Aint anne Ave Viudv HOuV CEP] Nve 
Vh20¢s2) ONION ONY Bion of ONTLUVAS GOluad YOd AgtAndS valuoqs NOLVY VINE 2n02i 


“IL6T Jequieseq Og 02 Atenuer y “uoZeY eoog LOZ ATeuMMs TenUUY “8-D STqBL 


129 


"p22 
Sdn 
82°9 


*bee 
Si°ne 
6L°t 


"oat 
peeet 


*nd2 
2e° 

“nde 
20% 


*p22 
Olt 
6s°2e 
se°9 
ob'st 
Oz°nw 


T9%Ge 
°es2 
Obes 
os? 
69%et 
to°nt 
Oost 
0L°2 
Sen 
fst 
6n°@ 
s°t 
Ins 
os? 
ee°o 
00° 


"ete 
90°S 
ze°n 


*nee 


Obes 
f9°s 


VANNY @ 


2L=t262h ONIGNA Auv 2298 ot 


°ot 
00° 
00 


*bt 
00° 
00° 


nt 
nt°s 


ont 
o9°t 
°nt 
o2%e 


ent 
00° 
00° 
o2°nt 
o2°n9 
gn°te 


oe°se 
*nt 
90° 
00° 
00° 
o2%nt 
00° ° 
e2°nt 
gncte 
4S°ee 
e2°nt 
otes 
00° 
00° 
00° 
00° 


°ot 
el? 
6L°S 


°nt 


Chea 
4scé 


330 


ear 
92°h 
o4°s 
eat 


S6° 
os*t 


AON 


02 
49°08 
Oost 


"02 
00° 
00° 


"02 
0S°9 


*02 
20°% 
*0e 
Sh° 


"02 
00° 
00°S2 
00°G2 
00°s2 
00°s2 


eteee 
*s2 
00° 
00° 
00° 
00°02 
00°02 
00° 
00°9 
00°2t 
00°26 
00% 
00° 
00° 
00° 
00° 


02 
96° 
9s°¢ 
02 


49't 
ns°t 


430 


“ne 
00°F 
Oo°se © 
*ne 

00° 

00° 


*€2 
2s°tt 


"na 
ze° 
"he 
on? 


“ne 

Lt°n 
foes 
Oscat 
fe°o2 
bb *o2 


9e°t 
"42 
oy? 
00° 
00° 
Bheus 
Teeut 
teeur 
O4°s 
22°22 
£9°o2 
Outs 
00° 
o4's 
OL°s 
00° 


*22 
ee° 
90°n 


“ne 
0°s 
int 


4d3S 


°st 
a0°¢C2 
ston 
00° 
Wiest 
e£°st 


fees 
°95 
Sd°et 
s2e°9 
yoe 
Si°et 
sd°et 
oe 
si°at 
SL°at 
00° 
00? 
voe 
00° 
00° 
g0° 


£04 
for 
00° 
°sh 


9° 
od? 


ony 


*o92 
09° 
So°t 


Aqne 


ONTAYVAS GOlYId BOF ANVHHNS 


*sao 


"<2 
00° 
Ou? 


*s2 
00° 
00° 


°¢2 
fn°4t 


*se 
fs° 
*S2 
£0" 


*g2 
00° 
22°s9 
00° 
Si°n 
fn°os 


te°ss 
"42 
00° 
00° 
e2°e2 
Tacnt 
teent 
00° 
00° 
Tecnt 
00° 
00° 
£9°62 
00° 
Ou°s 
00° 


*s2 
26° 
fo°n 


$2 


fo° 
ores 


AVW 


ATH NOK 


®6I 
00° 
ou? 


®t 
00° 
00° 


"al 
ne°st 


eat 
es° 
by 9) 
fore 


°et 
00° 
gt°s9 
00° 
S°0s 
ex'9e 


g9°42 
°2e 
00° 
00° 
ze°rs 
n9°sh 
no°sh 
00° 
00° 
et°es 
00° 
00° 
ss°n 
00" 
et°at 
00° 


eet 
ort 
o9%s 
ol 


vest 
os‘t 


Vadv 


40 “ON W101 AH OF4HOTIM SNVAW TNNNY o 


*s2 9h 
rr°at 00° 
no'as vo 
"ge *el 


“ot "6 
mest elo 
"he al 
Se° te° 
*t2 “aI 
St%o 60° 
G2 Or 
00° 00° 
mache a2°22 
00° 00% 


°92 *02 
00° 00° 
00° 00 


00° 00° 
00° go 
f2°ot 00°Os 
00° 00” 
00° 00° 
sa°s 00°s 
00 00° 
@0°se 00°st 
00° 00° 
"se °al 
f4° aces 
09°S of's 
"G2 °al 
2cct 46° 
Ore ss*t 
HOV aj4 
varsors 


“@L6T toqueseq [Z 03 ALenuer ¢ ‘uoJeY ed0g TOF ATeWUMS TeNUUYy 


“ot °$a0 °ON 
00° "QvdS Nvaw 
00° "990 x Sasnd 
®t *8y0 °ON 
00° "JvdsS Nvan 
00° 330 % = =Sate 
*0 °SyO °ON 
00° (990) NV3W 
3a01S 3y0HS3u0d 
*ot "SO °UN 
tres NVaH SSO49 
*et °SuO °ON 
92°0 NV3H L3N 
(238/44) 
£8v0 LN3uund 
“ot *8HO °ON 
00° nlv2 
eg*se 39ans 
00° 29NNId 
92°S d/ds 
20°99 VWs 390% 
adAL B3NV3Ud 
es°9e NV3n 
*n2 °SuO °ON 
90° wiv) % 
vo° Sn*> 330 & 
49°93 Ok@>xerSne 
fe°o2 Oe->xs>0te 
f£e°02 Ob*>Xa>r020 
00° S° >xerote 
00° 0 pX=>Se@ 
db°o2 OK 
00° S B>Xx>U 
00° Ob m>x>S 
LV°n O02 =>x>0t 
00° Og a>x>02 
q<°e Sn =>x>0¢ 
00° Sn < 990% 
GQOHLaN 4OLIVaLUsad 
Nol1d34I0 
*ot "8u0 °ON 
oLce Add Ghs 
fo’s NVGW 
(93S) aOluad 
*ot *SuO °ON 
86° Aau ais 
f.°s NV an 
(44a) 4HOTGH 
°sa80 suns 
Nve 
NOuva vJO8 enoet 
° 
6-9 9TdeL 


130 


"SEBO ATHLNOW JO “UN TVA0L AB UILHOTIM SNVGH WANNY 9 


on) °9 om) 69 °0 %9 *9 Ora ®12 *Le *02 *S80 “ON 
00° 00° 00° 00° doe 00° 00° 49°%22 oo° 00° 0s*ng ‘dvds nvaw 
oa° 00° 90° 00° oc? 00° aQ° acest 00° ov? Ov*ot F22u % Sand 
89 °9 °9 °9 a) *9 UA} 861 "12 °L2 "02 °"s§y0 *ON 
00° 00° 00° 00° oo° 00° 00°0S 00° 00° oo" 00° Sdvds nvaw 
00° 00° 00° 00° oo° 00° Qo*oot 00% 00° oo° 00° 990 % = =6Saty 
*0 *o . °0 °0 °0 *0 °at °et "ot °et *te *et °Su0 *UN 
00° 00° oo° 00° 00° 00° n2°9 oow% 22°s t1°9 an’s 00°S (930) NVaw 
3d01S 3yOHS3u04 
4 *9 °9 %9 *0 *9 “he °91 “oh "12 02 "suo “ON 
00° 00° 00° 00° doe 00° s9° Theh on’t 92°54 ss°t NVdn SSOu9 
0 or) 0 "0 °0 °0 ®st oh he "02 £8u0 “ON 
00° 00° go° 00° 00° 00° OLte f{n°e 90° NV3W L4N 
6238/14) 
°Su0 AN3uund 
*e2t a) 0 *0 °9 0 9 4 "ot "oh "te °42 °02 *8uO °ON 
00° 00° 00° 00° 00° 00° 00° 00° 00° 00° 00° 00° 00° wid 
og°42 00° 00° 00° 00° 00° 00° 00°an 00%0S g0°te z5°6 £9°62 00%s a9Duns 
“anes 00° 00° 00° 00° go° 00° 00° 00° 92°S 00° 00° 00°O¢ 39NN IA 
S2eetr 00° 00° go° 00° 00° 00° 00°g2 Os°et ne°os e9g°4n 2e°2e 00°0n Vd/as 
ho°Ss 00° 00° 00° 00° 00° 00° 00°ne Os*ae ne*os 9a°en st°an 00°%s2 VWtds 330% 
3dAL Hanv3aud 
1o°ss 00° 00° 00° 00° oo? 00° ol? ee s9%4e 2s°4e 69°ss ofeze So's NV3q 
*tnt *0 *0 *0 *9 °0 *9 *ee "ut *te *92 *4e °22 °SuO °ON 
vas 00° 00° 00° 00° goe 00° go° 00° 00° 00° 00° Ss‘n wivo % 
tae 00° 00° 00° 00° oo° 00° 00° 00° 00° 00° ol°s 00° Sme*> 990 x 
$s°s 00° 00° 00° 00° go 00° oreg 9Loks g.°n 00° 00° 00° US=>X=>Sne 
zocut 00° 00° 00° 00° aoe 00° fn°te s9°at s0°oel e0°se pues 60% O2->X=>0Ge 
Seott 00° 00° 00° 00° oo° 00° bor so°ut 25°6 f2°et oL%s 60°6 Oberxsr02~ 
09°st 00° 00° 00° 00° 00° 00° 9a°at ge°s 4S°@e {2°os te°nt Ss‘n S* >xX=>0he 
es°9 00° 00° oo? 00° goe 00° 4s°¢ 9a°s 9L°n ms*tt ol°e 60% 0 >xe>Se 
thene 00° 00° 00° oo° aoe 00° 62°6s o2°ss 2s°6 se°e a0°CE {1°22 O=x 
92°0 00° 00° 00° oo° go° 00° 00° 00° zs°6 se°s ol’s 60° S #>K>0 
£o°6 00° 00° 00° 00° voe 00° 00° ea°s o2°ns 69°% tng dees2 =O > xs 
e6°9 00° 00° 00° 00° oo° 00° 00° 00° 00° nstit 2s‘@l SS°n 02 =>x>0t 
00° 00° 00° 00° 00° go° 00° 00° ou? 00° 00° 00" 00° O€ s>x>02 
00° 00° 00° 00° 00° 00° 00° 00° 00° 00° 00° ou° 00° Sn e>xX>0€ 
00° 00° 00° 00° 00° 00° 00° 00° 00° 00° - 00° 00° 00° $n «920 4 
QOHL9W YULIVelOdd 
NOTi93410 
*g2t *0 *9 *0 om) a) 7) "02 *ot *ot *r2 *L2 ‘v2 °SuO °ON 
60°t 00° 00° 00° 00° doe 00° en's Go" ates he? oot no? Ajo als 
as°s 00° 00° oo? ou? go° 00° Ones 4o°s gts ons nen ols NVGW 
6948) Golwad 
°e2t °0 *0 7) %9 °0 °0 *s2 “gt ot "te "ke *02 "80 °ON 
95° 00° 00° 00° 00° go 00° feet BROF tort fe") e0°2 ors Adu ais 
{hea 00° 00° 00° 00° voe 00° att £5°t £9°2 f5°2 90°s Sot NVA 
(43) LHOT3H 
°SHO guns 
YANNY & 330 AON 430 443s ony Alnor anne AV Vedv hOavA aj4 Nv 
LLeo2e9 ONTONI Oyv TLe2 of ONTLYVAS dora? 14 AUVWWAS volwols NOLVY VICE Cn02} 


“¢L6T eunr 67 02 Adenuer Z ‘uOjZeY ed0g TOF ALEWUMS YIUOW-xTS -“OT-) eTqeL 


I3| 


tt) 
00° 
00° 


°an 
00°6@ 
so°tt 


°On 
2a°at 


*nn 
4e° 
°nn 
go° 


°nA 
0o° 
42°es 
42°2 
00° 
So°sh 


fo°s 
°9n 
dtee2 
ds°et 
00° 
Si°n 
Si°n 
00° 
Si°n 
60°92 
2s°9 
Si°n 
2s°9 
00° 
Lb°2 
as*ot 


ba) 
ores 
9S°0 


°pn 


ee° 
Zot 


AVONNY ®& 


330 


6920ce2) INTING 


*h *n *s ie °o °n 
00° 00° 00° 00° 00° 00° 
00° 00° 00° vot a0° 00° 
®h on °s Ve ba) i) 
0s°de oo°ott 00° oo° 00° 00° 
0o°OS 00°0S 00° 00° 00° 90° 
°9 °n "> °2 oy or) 
oo°tt set On°et 0S*%6 S.cet sient 
°n °n *s. se; °n °n 
e0°s bo°t 69° ane fn° 62° 
°n on Lr °2@ °n ®n 
80's 9a¢ 69%s Otee fn°e o2°6 
°b °n °s me) om] °o 
00° 00° 00° doe 00° 00° 
oo°0s 00° 00°08 00°008 00°0S 00°S, 
00° 00° 00° vo? 00° 00° 
00° 00° 00° ooe 00° 00° 
00°0S 00°00% o00%02 oo 00°uS 00°s2 
0s°9t 00°s OO°nzs 00° oo°ots 00°01e 
*h *n 6 °2 ° °F 
00° “00° 00° 00° 00°S2 00° 
00° 00° 00°0n 00°0S 00°0S 00°S2 
00° 00° 00° gor 00° 00° 
00° 00° 00° 00° 00° 00° 
00° 00° oo? voe 00° 00° 
00° 00° 00° vo? 00° 00° 
00° 00°G2 oo° oo° 00° 00° 
00° 00° 00°09 go° 00°S2 00°0S 
00°S2 00°0S 00° 00° 00° 00° 
00°S2 00° 00° 00° 00° 00° 
00°s2 00°s2 00° voe 00° 00°S2 
00° 90° 00° oo° 00° 00° 
00°S2 00° 00° go° 00° 00° 
00° 00° 00° 00°%0¢ 00° 00° 
or on as °2 °n 
us° 26° 49° se°2 49° 
00°S 20°n no°s 00°9 45° 
“fn a) ®s me a) a) 
tect sit 22° Zoe ancl 69° 
eect 1£°2 09° So's so°t os 
AQN 430 adds ony anne anne 


ONV 692n © 


ONTLeYLS JOTeId yO4S AMVHRNS 


°SG0 ATHLNOn 40 °ON IWLOL AH GFLHOTG4 SNVGH TVANNY @ 


0v°00s 


*s 
00° 
ou" 


°n *¢ 
00° 00° 
00° 00° 
°n °¢ 
00° 00° 
00° 00° 
°n "0 
se°at 00° 
°S ig 
seh eb 
°s °s 
OREO ert 
°s °s 
00° oo° 
CT) ai°os 
00° go° 
00° go° 
00°02 49°99 
Oorete 00°09 
°S OR 
00° 00° 
00°09 00° 
00° vo° 
00° 00° 
00° 00° 
00° oo* 
00° yo° 
00° 00° 
00° 90° 
00° 00° 
00° 00° 
ou? 00° 
00° 00° 
oo°un 00%00t 
°s *§ 
9e°t oat 
9L°n ad'L 
2S °§ 
ns? nL? 
pn°e g2°2 
HI8Vn CEE} 
vasuor4 


"6961 Tequeseq 0g 03 AZeNIGey py ‘PpoomAT[TOH oF ALewUMS [eNUUY 


a} *SuO °ON 
00° “JvdS Nvaw 
00° 5990 % sasnd 
*0 °SH0 °ON 
00° "JvdS NVaW 
00° 390 x © Sdiu 
a) °S¥O °ON 
00° 6940) NV3H 
3d018 J3x0nSauc4 
"0 *SwO °ON 
00° hV¥aw $S§0u9 
°0 *Se0 °ON 
00° Nvgn L3N 
(23S/44) 
*SuO ANANNNI 
°0 *8u0 °ON 
00° wiv2 
00° d9uns§ 
oo° ann 1d 
00° ld/ds 
00° Vitds 230% 
BdAL Wanvaue 
00° NVan 
°0 °Su0 °ON 
00° wiv % 
00° sn*> 930 4% 
00° Of">xX=>Gne 
00° Og*axerure 
oo° Obe>xs>02¢ 
00° S® >x=>0fe 
00° Q pxX=>Ge 
00° Q=x 
00° GS B>x>0 
00° Ob e>x>S 
00° O¢ E>x>ut 
00° Ok 3>x>02 
00° Sn =>x>0¢ 
00° Sn < 990 % 
GOHLIN HULIVELUad 
NOTAIq4410 
*0 °SuO °UN 
00° Aag als 
00° NV dW 
a (948) aoluad 
°0 *8u0 °UN 
00° Aju ls 
00° NVda 
(ia) QHOTSH 
°S80 guns 
Nv 


QUOMATIOH fnGet 


IT-O0 91921 


132 


°9S °s a) 
00° 00° 00° 
fo° 00 00" 
°SS °s *h 
Oo'ett 00° 00° 
fo°s 00° 00° 
°an *0 *0 
2g%et 00° 00° 
°9s °s °n 
See 2° ste 
°9s *s °n 
ecto {n° so° 
*9S *s °n 
00° 00° 00° 
98°08 00°0n 00° 
00° 90° 00° 
és°¢ 00°02 00° 
40°99 00°0n 00° 
ng? 00°%C2 00° 
"od "Ss °b 
oo° 00° ioe 
00° 00° 00° 
b2°p oo0°%0e 00° 
is*et 00° 00° 
As°at 00° 00° 
9ucet 00° 00° 
Gare 00° 00° 
19°6 00° 00° 
7 Ls'e 00° 00° 
9G°2 00° 00° 
frost 00° 00° 
Gace 00° 00° 
4S%y 00°08 00° 
00° 00° 00° 
°9S *s. °b 
tes 9° 49° 
9L°n e£°s 06° 
'4s *s a) 
mbes 22°t os? 
o°l 00°2 suc 
VANAY 6 330 AQN 


d-6222b ONION] Anv 04°99 of 


®n °n *¢ °6 ph 
00° 00° 00° 00° 00° 
oc* Gu? 60° vo° do° 
on %y °¢ oy op 
00° 00° goe 00° 00° 
00° 00° go° 00° 00° 
®h °h °h °n 
Si°st Shent os*ss 0S°6 
°n i) °n °h 
1e° es° ou as° 
*n °h °n °f 
ta? @s° OS%e s2° 
ory oh on op °¢ 
00° 00° oo° 00° 00° 
00° 00°SL 00°G2 00°US 49°99 
00° 00° 00° 00° 00° 
00°se ou? 00° 00° 00° 
00°S4 00°s2 00°, oo°0S ££°"E 
0a°9 Ons 62%he o2°4e On°fe 
Ts | OF ON "sg 
00° 00° oo° 00° 00° 
00° 00° 008 00° 00° 
00° 00° goe 00° 00° 
00°02 00°v2 98°2n 9e°en 00°02 
00°02 00°02 99°en 99°en 00°02 
00° 00° g0° 00° 00° 
00° 00° 00° 00° 00° 
00° 00°02 o2°nt 62°03 00°09 
00° 00° oo° 00° 00° 
00° 00° oo 00° 00° 
00°09 00°On 00° 00° oo° 
00° 00° 00° 00° 60° 
00° 00° goe 00° 00° 
90° 00° 00° 00° 00° 
Sh on °n or) °f 
sne2 2c° oue bo De® 
anes ook eS°h 20°S en°n 
op on ep °n en 
92°t 96° s° 96° oa't 
62°2 Sa°t os*t Suct g2°2 
330 4das onv Atne anne 


ONTLaVAS OOlyad YO4 AuVHRNS 


“sao 


ATHLNOWw “430 °ON T¥L0O1 AG 


*¢ 
00° 
g0° 


On 
on 


oe 


OR, on 
00° 00° 
00° uo° 
oc *n 
00° 00° 
00° oo" 
°n 
oi°as 
°n 
poet 
on 
dhce 
°S °n 
00° 00° 
00° 00°se 
00° 00° 
00° 00° 
00°001 00°Ss 
o2°s 49°s8 
°s °9 
00° 00° 
00° 00° 
00° 00° 
ou? £°Es 
00° ar’ee 
00°02 49°95 
Oo°un 00° 
00° 00° 
00°02 go° 
oo° 49°94 
00°02 00° 
00° 00% 
00° 00° 
00° oo° 
Os OF 
os°s £6° 
2u°s: Sfi°n 
®s °n 
bes inet 
Once 00°%2 
HUY 674 
valuuts 


“OL6T Tequeseq 67 03 ALenuer 9 SpoomATToOH toF AZeuuMS TenuUy 


Q4lHOT IM SNV4nq TVONNY @ 


"et °SuO °UN 
00° °JvdS NV3H 
00° "Ju0 » Sasnd 
"et “860 °UN 
Oo°ath “Judas Nvan 
29°bn 330 % SdIu 
"1 *SyuO “ON 
fest (930) NV3n 
3g01S IyOHS duos 
out *StO °ON 
lo? N¥da SS04u9 
O78 *$u0 °ON 
Spee NVaw L3N 
(238/14) 
°8g0 ANauund 
eat °St0 °ON 
00° wily? 
£9° tn a9ans 
00° 4d9NNId 
Q0° 1d/ds 
fo°es Vids 990% 
BdAL HaxVI0A 
Se° NV3W 
°at °Su0 °ON 
00° wy) % 
00° Sn*> 390 % 
00° OL@>X=>Gne 
00° Oc=>xs>0Ee 
00° Obe@axer02e 
ec°us S* >Xsrut= 
00° 0 >Xa>Ge 
00° vax 
49°94 39S  B>K>0 
qs°@ Ob B>x>S 
00° Og s>x>ol 
49°9t O08 s>x>02 
00° Sn =>x>0¢ 
00° sn < J)u & 
QOHLaW HULIVYLOdd 
NOlL24au10 
°at °SuO °ON 
On° Adg gis 
en°n NVGH 
(33S) GOlead 
eet ’SuO °ON 
Ons Aad Gls 
ee°t NV 3H 
(44) 4HOTGH 
°ge0 duns 
nwt 


QuOmnlaK fn02t 


“CL-O 8T9®L 


133 


00° 


°gh 
fe° 
Ooh 


*en 

se° 

Suis) 
TOANNY © 


rheece2s 


“TL61 atoequieseq gz 07 AZenuer ¢ ‘poomATTOH 


00° 
00°00! 


ee'Le 
Off 
00° 
00° 
00° 
g9e°en 
9a°en 
00° 
00° 
o2°nt 
00° 
00° 
00° 
00° 
00° 
00° 


270 


ONION Onv 


00°02 


AON 


tues ef 


on *s es ry 
oo° 00° yor 00° 
00° ou° vce 00° 
°n Lt °¢ *¢ 
00° 00° 00° 00° 
00° 00° yo? 00° 
“| "| *¢ a) 
00°st 00°St 00°nt 00° 
OR.” "h on *2 
96° ge tee S.° 
ty op a) °e2 
nee 00° Zee Site 
LT) %¢ "¢ o¢ 
vo° 00° bo? 00° 
ou°sd 00°08 0°09 49°99 
00° 00° go° 00° 
00° oo° voe 00° 
00°G2 00°02 00°0n fe°at 
if°6 Os*ke Ose, Os*ste 
°g 9 °9 °n 
oo° 00° dor 00° 
00° 00° 00° 00° 
00° 49°9t 0oe 0o°se 


00° 00° 00° 00° 
00° 00° voe 00° 
00° qo°ES 40°ES oo°se 
00° 00° 00° 00° 
00° 00° 00° 00° 
00° 49°91 49°ot 00° 
00° 00° oo° 00° 
fi°ee. 00° 49°93 00° 
00° 00° voe 00° 
on or °s °¢ 
ns? 99° ss° ‘See 
OL°e nS°n 9e°s £4°s 
°n "> "Ss *¢ 
one 04° (4/0 @s° 
s9° 20° oc? fc°d 
190 343s ony ane 


ONILYVAS GOld4d HOS AdVHRNS 


®SA0 ATHLNOW 40 °UN TVLOL AD GILHOTI4 SNVGN TWANNY « 


“fh °n °n °n 
00° 00° 00° 00° 
00° go* Ou- 90° 
a) *n a) *n 
00° 00° 00° 00° 
00° 00° 00° 00° 
a) *0 *o °n 
00° 00° Oo°nt gd°et 
°n Wt) a) °n 
69° n9° Og° ne° 
°p *n *n °n 
tn°e n9° Site er? 
°n *f °n on 
00° 00° 00° 00° 
0u°0S 00°0s 00°0S 00°05 
00° 00° 00° G0” 
oo° 00° 00° 90° 
00°0S 00°0S Oucos 
On*fe ge" 00° os*a 
Ss f s ] 
00° 00° 00° 00° 
00° 00° 00° 00° 
00°02 g0°Se 00°02 00°S2 
00°02 00° 00°02 0° 
00°02 go° Ou°ve 00° 
00% 00° 00° oo* 
00 00 00 ou° 
00°02 C4 00° 00° 
00° 00° 00° 00° 
00° 00° 00° 00° 
oo° 00°Se 00°02 00%0s 
00° 00° 00° go° 
00°02 00°S¢ oo%ve 00°se 
00° 00° 00° 00° 
°o °n *h °n 
aye ss° Ines 4s? 
Saco ec°9 O£*s o4°s 
oF on on on 
os? on't eset 96° 
Sa*t 2e°s is‘ sete 
AVH Vnddv HJavn aa4 
volHol4 


Loz ATewuuNs [Tenuuy 


°h "SHO °ON 
00° SJvdS NV34 
ous ‘390 % sdsnd 
a) “Sud °ON 
00° "JvdS NVaH 
00° S3u % 9 sdiu 
*0 *Su0 °ON 
00° 0930) NVaw 
ad01S8 JyOHS4404 
*n "S40 °ON 
09° NV39H $S0u9 
°n *Su0 °ON 
no° NV3W L3N 
633S/44) 
2840 ANJuUNI 
*n *Su0 °ON 
00° wiyd 
00°sL agons 
00° adnNId 
Ov° 1d/ds 
00°Se Vitds 39u% 
dadAd Y3nVIn8 
00° NV3W 
*n *Su0 °ON 
00° wiv) % 
00° Sn*> 390 % 
00°0G6 O&">X=>Gne 
00° O@=>x=>0c8 
00° Obe>x=>02« 
00° Ge >Xz>0le 
00° 0 »X=>G5 
00° Qex 
00° S e>xX>0U 
00° OT s>x>g 
00° Oc B>x>05 
00° Of E>x>02 
Oo%os SM =>x>0¢ 
00° sn « 390 % 
QOnKL3H HULIVELOda 
NOT13341d 
°n *Sb0 °ON 
ts? Aju Gls 
4c°s NV Ga 
(23S) doled 
°o *SyO °UN 
out Aig ais 
os’s NV GW 
(h4) QHOTGH 
°sa0 duns 
nwt 
QOOMATI0H &n0et 
e 
£T-) 9T9PL 


134 


"ip 08} 
00° 00° 
oo° vo° 
°2 
00° 
00° 
at °2 
@n°9 00% 
“th *2 
04° ast 
°On °2 
tee as*t 
°Sh Of4 
{i°2 00° 
9S°2E 00° 
££°2 00° 
86°9 00°0S 
te*ss 00°0S 
90° Le os*t 
*os OF} 
6e°s 00° 
Se°nt 00° 
0o° 00° 


4¢°02 00° 
4°02 00° 


se°r 00° 
Set 00° 
Tetnt 00°0S 
95°S 00°0S 
Se°t 00° 
Tecnt oo° 
00° 00° 
ov° 00° 
6e°r 00° 
*én °2 
29° one 
os°h si°t 
"fn °2 
Sg° ss° 
Ost sLc2 


Whine o 330 


2@ceobe2) ONTINI Onv 2h=n 


AON 


a "| °2 ®h 
oo oo° oo° 00° 
00° out o0° 00° 
6 o> °2 °b 
oo° oo° Goe 00° 
00° 00° 00° 00° 
®h o¢ *9 
ost9 fi°p 00° 
"6 %% °h 
ze’ fe° @n° 
*s °¢ °h 
fe° “g° Qn° 
*¢ %¢ Pe °b 
00° 00° 00°0s 00° 
00°0n 00° 00° 00°sSe2 
00° 00° 00° 00° 
00° 00° 00°05 00° 
00°09 0o°00r yoe 00°SL 
00°¢s SL°ee O0°Ss 00°09" 
sid °n OF *n 
00° 00° miss 00° 
00° 00° yoe 00°00% 
00° 00° 00° 00° 


go° 00° go° 00° 
00° 00° ooe 00° 
o2°nt 00°S2 oo° 00° 
oe°nt 00%Se2 008 00° 
o2°nt ou° oo° 00° 
00° 00° 00° 00° 
00° ou? 00° 00° 
00° 00° 00° 00° 
00° 00° 008 00° 
°s o¢ OF} °n 
or? os? Goe nee 
90°¢ L2°n oes Se°s 
*S °§ 2G *h 
stet oo° Tae @s° 
meet 00's ose Os*t 
150 4478 ony Aqnet 


ONTLYVLS OUTedd BOF AdVAHNS 


°SA0 ATHANOW JO “UN TWi0a AB UFLHOT3Y SHV9W TWANNY @ 


00°Ss 


voluuds 


"Ss 
00° 
vo° 


*s 
00° 
0° 


"0 
0° 


"s 
29° 
°sS 
80%e 


“CL6T Loqueseq 6T 03 ALenuer p SpoomAT[oH oz ATewMs Tenuuy 


°St0 °ON 
00° "JvdS NVaW 
vo £330 % Sasna 
OF °SyuO °ON 
00° *Jvds NV3H 
00° 330 & Sdlu 
*0 °8u0 °ON 
00° t9a0) nvaw 
3qg01S JyOnSauo4 
OF *660 °ON 
n9°t NVan SsOud 
Off °Su0 “ON 
te° NV3wW 13N 
(3as/i4) 
°88O ANduuNI 
*¢ *SuO °ON 
0o° wv2 
00° a9ans 
fo°ss 39NNId 
00° Vd/d§ 


49°99 Vids 390% 
BdAL wanv9uE 
Oo*ste NV3W 


*o 2840 °ON 
00° wiv) % 
00°Ss2 sne> 390 % 
00° Of@>xXeoGne 


00°s2 Oe@>xnr0ce 
00°S2 Obe>xer02e 


00° S® >Xzr0te 
00° OQ  >x=>ge 
00° O=x 
00° S  2>Xx>0 
00° Ob e>x25 
00°s2 Od s>x>01 
00° Of =>x>02 
00° Sn =>x>05 
00° Sn « 230 4% 
QOndaA wOLIVH108d 
NUTLI3HI0 
OF £880 ‘GN 
18° Aau Gis 
0S*n NV 
6248) goluad 
*s *8u0 °ON 
oo°s Aig Gis 
00° NV3H 
(44) QHOT4H 
"Suu duis 
ave 


GUOMAT1GH Snc2t 


“pT-O 9T9eL 


135 


°§n 
00°sS2t 
fo°2 


°Sn 
Oste2 
0G%6 


"th 
02e°9 


°2hn 
to°r 
°2n 
So%s 


Sh 
"££? 
€2°oL 
i6°2 
05° 
Teess 


On°2 
®in 
92°n 
00° 
92°n 
ng°ot 
ts°e 
92°n 
dicet 
G2°te 
St°ot 
1o°9 
92°n 
it°2 
00° 
00° 


8 2p 
en's 
nt?n 


°Ch 

64° 

tees 
TWOANNY ¢ 


{429229 


“SL6T sun 9Z 


20 in) 

00° 00° 
00° Ou 
°0 *0 

00° 00° 
00° 00° 
09 ®9 

00° 00° 
°0 *0 

00° 00° 
7) "0 

00° 00° 
269 i) 

00° 00° 
00° 00° 
00° 00° 
00° 00° 
00° 00° 
00° 00° 
9 °9 

oo° 00° 
00° 00° 
90° 00° 
00° 00° 
00° 0b° 
00° 00° 
00° 00° 
00° 00° 
00° 00° 
00° 00° 
00° 00° 
00° 00° 
00° 00° 
00° 00° 
"9 %9 

00° oo° 
00° 00° 
On) %9 

00° 00° 
00° 00° 
2140 AGN 


ONION] ONY F2e8 


ef 


89 %9 °9 °9 

00° 00° doe 00° 
00° Go° vos 00° 
°0 69 °0 0 

00° 00° oo° 00° 
oo° 00° o0° 00° 
wt) or) °0 a) 

00° 00° bo° 00° 
00) ) °0 a) 

ou° o0° g0° 00° 
"90 *9 °0 0 

00° 00° doe 00° 
°9 % °9 *9 

00° 00° doe 00° 
00° 00° 00° 00° 
00° 00° 00° 00° 
00° oo voe 00° 
00° 00° 00° 00° 
00° 00° go? 00° 
29 49 *9 °9 

00° 00° Q0° 00° 
00° 00° 00° 00° 
00° 00° aoe 00° 
00° 00° 00° 00° 
00° 00° oo? 00° 
00° 00° 00° 00° 
00° 00° 00° 00° 
00° 00° 00° 00° 
00° 00° 00° 00° 
00° 00° g0° 00° 
00° 00° 00° 00° 
00° 00° 00° 00° 
00° d0° 00° 00° 
00° 00° 00° 00° 
9 Lt) °0 °9 

00° 00° bo ° 00° 
00° 00° 00° 00° 
wr) ot) °0 "0 

00° oo° 00° 00° 
00° 00° 00° 00° 
420 haas ony Ata 


ONTLYVAS GOlHId YO AdVHHNS 


°S8O ATHINOW JO “ON TWW10L AG GILHOTaM SNV3N TWONNY 0 


°st OF 
00° 
Ou 
at °s 


0Ss°22 00° 
£h°0S 00° 


°st °n 
Te) 0s°9 


°st 
06° 
On 
nece 


HIavn 


voluols 


ent 
yo® 
00° 


ont 
00° 
00° 


ont 
00°9 


ent 
ster 
ont 
se° 


ont 
beg 
nveus 
00° 
00° 
bass 


ps°tt 
ont 
pte, 
00° 
90° 
00° 
0° 
nbeg 
00° 
o2°nt 
be°se 
4S°ee2 
nteg 
00° 
00° 
00° 


°nt 
bo°t 
49°R 


ent 


06° 
68° 


e344 


03 ALenuer ¢ *‘poomATTOH 1OF ALewUMS YUOUI-xTS 


°h °Sy0 °ON 
00° "JvdS NVaW 
00° "390 & $as;2 
a) °6y0 °ON 
00° °OvdS NV¥3H 
00° 33u % =©6Sdiu 
7) °Sa0 °UN 
s2°% 6930) NvaH 
3d01S IyOHS3uO4 
°h *8u0 °ON 
On°t NV3n ssoud 
°n SSu0 °ON 
92°s NV3q 13N 
6338/14) 
®860 INJouNd 
on °880 °ON 
00° w1v9 
00° a9aNs 
00° 39NN Id 
00° Td/ds 
00°00! Wids 330% 
BdAL Hanvaae 
On°se NV 3H 
°S *StO °ON 
00° niyo % 
00° Sn*> 290 & 
00° Obe>X=s>Gne 
00°02 Oe@*>Xxsruce 
00°02 Ob*axer02e 
00° S* pxsr0tea 
00°02 Q »>Xs>G90 
00°v2 O=x 
00°02 S £>x>0 
00° Ob B>x>S 
00° 02 s>x>0t 
00° Of B>x>02 
00° Gn 2>K>0¢ 
00° Sn <« 390 & 
QOKLIW YULIVYLLYG 
NOI493410 
°h °SG0 °ON 
nee Adu GLs 
29°n NV 4H 
(938) vOld3jd 
a) °su0 "UN 
Sie Agu ais 
eg°h NV dh 
(44) QHOTaH 
*suO0 duns 
hwo 
GOUNAVIUnH fnoet 
° 
ST-0 9T9eL 


136 


APPENDIX D 


BOCA RATON ANNUAL WIND ROSES 


137 


“6961 ‘u0oIeY ed0g ‘SeSOL PUTM ‘T-d 9aAnsTy 


¥38H3930 YSSWIAON 4380190 43gha1d3s 


fl 
me > WS me 
1 BR { 133 4 } 
oY 22 
69 330 I€ O1 69 NUP 20 Ye 
OOl83d 3HL ONTYNO 031931109 Uf 
SNOILBAY3SB8O NO O3Sbe ¥1bO 
Me EON eee eoer BET 
ian el 
Se er 
“susqo $0 1d 
isnony 3nnr ABH 


390YN3A¥ TBNNNY 


Wydb HOMBH Aupnyeas AMBNNOE 


bOIYOT4 NOlbY BOOE S4S0Y ONIM 


138 


“OL6T ‘uozeY BI0g ‘SeSOL pUTM °*Z-q 9ANSTY 


438H3930 YIBWIAON y380190 Y38H31d3S 


Oc 3930 1€ OL OL NEF SO 
QO1u3d 3H1 ONIYNO 031937109 
SNOILYAN3SEO NO O3SbE b1bO 


Asnony ABH 


JOUYIAN TBNNNY 


Augnye34 AMBNNEE 


bOTYO 14 NOlbY BIOE S4S0u ONIM 


139 


12 330 O€ O1 IL NUP 40 
G@lYy3d 3HL ONIYNG 031937109 
SN@TLBYAY3SEO NO O3S¥a b1bO 


ee eee a) weioe 


riae ec ete 


ar 
"SUSqO 40 “12d 


JOBY3AN TWANNY 


“IL6L ‘uoqey ed0g ‘sesoz putM 


*¢-q ernst 


4¥38H3930 


YABH3AON 


4380190 


isnang 


3Nnnr 


BOTY 13 


Tiude 


HOYBH 


Auunygas 


NQlUd bBOOE S4S0qu UNIM 


AMBNNUr 


Y3GW31d3S 


140 


“CLOT 


438W3930 


Suoqey eoog “‘SOSOL PUTM 


UBBH3IAON 


ZL 930 12 OL 2L NUP EO 
Qo1y3d 3H1 ONTYNO 031937109 
SNOILBAN3SEO NO O3SKB H1bO 


Pee ee eS SD 


Fn ne 


a oe a a 


“SuUSqO 40 “49d 


39UY3AW TWNNNY \ | 


VWads 


bd1d0 14 


'v 


NOlbad BOOS 


q eins tj 


4380190 


Auunuead 


S4S0Uu 


438H31d3S 


141 


“SL6L ‘u0zeY 


¥38H3930 
b1lud ON 
€c NMf 62 OL E2% NUP 20 
QGIY¥3d 3HL ONIYNO 031937709 
SNOILBAY3S8O NO O3SbA H1bO 
SSE eee Ler rere 
eee ee eee ere 
a ey oH a 
“Susqo J0 ‘}9 
q t ! d isnony 
JOBY3AN TUNNNY 
b1bO ON 
Trudy 


JO1YO 14 


e20g “Sasol PpuTM 


YSBHIAON 


b1ibO ON 


Aqnr 


b1u0 ON 


NO1bY BI0E 


“S-d 


aIn3 TF 


4380130 


b1lvO ON 


anne 


Auwnuaas 


S4S0u ONIM 


Y39WI1d3S 


b1bO ON 


AMBNNES 


142 


APPENDIX E 


BOCA RATON ANNUAL WAVE HEIGHT ROSES, 1969 TO 1973 


o 


143 


“6961 “uoIeY ed0g ‘sasor ZYSTOY IoyYvoIg 


9/1E/21 o1 69/1/21 Wows 69/92/11 @4 69/E/11 Wows 


NOLBY 4308 NOLBY BI08 
wad ad 


3804 LHOL3H 3AuM 3SO04 LHOL3H 3AUM 


tase 44l-9-14S-¥ 4-2-0 4i+8 146-9 45S") LdE-Z— A I-0 


ool 06 o8 oL 09 OS oF of oz oF ool 06 o8 oc o90S oF oF oz ol 
31¥3S 3OWANI9NId 31W38 30¥4N390Id 


‘Bny Aine 
89/62/8 81 69/1/78 Wous BOVIE/L Gi GO7I/L WOWS 


NO1bY bI08 NOlby 4908 
wos wos 


3SO4¥ LHOL3H 3AUM 3SOY¥ LHOI3H 3AUM 


1498 44L-9 14S" = LdE-Z_— A I-0 1498 AdL-9-1dS-® = AGE-Z_—AJI-0 
atthe SE] rare per ere man 
ool os of 09 09 OF GE oz oF ool 06 o8 OL o8 089 oO» of oz o1 

3725 30¥1N32uId 31¥99 3081N39U3d 


aidy “JOW 


69/0C/> B41 69/1/P UoWs B9/1C/C O1 69/0/76 UoMs 


NOlbY ¥I0B NOlbYy 4908 
wad was 


3SO¥ 1HOI3H 3AM 3SQ4¥ 1HOI3H 3AuM 


perry riety WED EB iI perry 14L-9 14S" ASE-Z— A I-0 


ool 08 o8 OL 09 05 oF of oz oF ool 06 08 OL 09 09 oF oF of o1 
3W3o 30¥LNI2uId 326 2ouLNaIuad 
se way: ~ 
o°8 
reL 


6961 


"[-q emn3sty 


190 


69/1E/01 01 69/1/01 woud 


NOLBY B08 
wad 


3S04 LHOT3H 3AKM 


ace 440-9 -14S-¥ —14E-Z ad I-0 


001 06 o8 of 09 05 ov oe oz o1 
31498 30U1N3903d 


oy 


aune 


89/L2/9 01 69/2/3 WOUs 


NOLbY B908 
wos 


3S04 LHOI3H 3AUM 


4s A4c-9 14S" = LSE-Z 1-0 


ool 06 08 of 039 3 oy of oz 1 
3998 30¥1W32H3d 


Pe “Ry 


“424 


69/ez/z O1 69/C/2 Wows 


NOlbY BI08 
vos 


3S04 1HOI9H 3AUM 


dase 44L-9 14S" = AE-Z_— A I-0 


ool 06 08 of 09 09 oF oF oz o1 
3126 30¥1N32u36 


‘ydas 


89/0E/6 01 69/P/5 WOHs 


NOLbY bI08 
od 


3SOY 1HOI3H 3AM 


dire 44l-9 14S“) = 14E-2 A 1-0 


oL 09 05 OF oF oz 
39829 30¥1N39uad 


69/52/5 01 §9/1/5 Hows 


NOLBY 1908 


wos 
3S0Y LHOI3H 3AUM 


148 44l-9 -L4S-¥ AdE-Z_ AIO 


001 06 08 OL oS OS OF GE oz oF 
31835 30H1N32H34 


‘uor 


69/1E/1 o1 69/2/1 Wows 
NOLBY BIOB 

vas 
3S04 LHOL3H 3AUM 


13-8 44L-9 44S" = L4E-Z_—AT-0 


rm Tf 


eS 
# a 32 30v1N39u30 


44 


OL/1E/Z) OL OL7I/21 WOuS 
NOibY BIDE 


wos 


3S04 1LHOI3H 3AUM 


1408 A4ce9 9 -1dS-¥ = AdE-Z_— A I-O 


0Ol 06 o8 OL 09 039 OF oF oz o1 
378299 30H1M39H34 


‘bay 
OL/1E/@ Bs OL/E/G MOUS 
NOLBY BI08 
wos 
3S0¥ LHOI3H 3AM 


1498 Age-9AdS-¥ AdE-Z_— 41-0 


ee eT 


cis 08 Ok «08 OS FOE 
“ a F18IE JOBINIIUIG 


RHUL 


OL/OE/e 04 OL/I/> WOMs 


NOLUY 4908 
wos 


3SOY LHOI3H 3ABM 


1ie8 446-9 145-9 14E-2 A 4-0 


001 06 08 OL 09 a3 oF OF oz oF 
31839 3081N39¥34 


“OL6E ‘Uu0ZVeY ed0g ‘sasoL JYSTOY Toyeorg 


OL/OE/11 OL DL/E7IN WoWd 


NOLbY bI0B 


wos 


3S0Y¥ LHOI3H 3AUM 


ver) 44l-9LdS- A dE- 


ool 06 08 oc 09 O3 OF Of oz oF 
77499 30WAN32HId 


so ~S 
oh 
b E& ~ 


Aine 
ourtere on ure vo 
NO1MY 4908 
oh 
3SOY¥ LHOI3H 3AUM 


14r8 4gl-9-15S-9 = AJE-2_ A I-O 


rr fr AT 


oot oo oc oS 0S oF Of oz ot 
* 319s 30UANI2NId 


5 


“10\N 


OL/1e/e 04 OL/Z/E MOUs 


NOLUY 4908 
od 


3S04 LHOI3H 3AUM 


Adee LJL-9 ey 135-9) ee LdC— ciel aL 0. 


OF oz on 
31999 30WAN39HId 


*Z-ad Orns ty 


490 


OL/0C/01 64 OL/I/01 UOHS 


NOibY bI08 
yas 


3S04 LHOI3H JABM 
148 440-9 44S-¥ 15E-2 441-0 


ool 06 cB aL 09 OS Gy of oz oI 
31435 30WLNIINId 


aun 


OL/OC/9 O4 OL/2/9 MOUS 


NOLUY BI08 
cry 


3SO4¥ LHOT3H 3JABM 


per 44l-9-14S- = AJE-2_* 141-0 


pr ffm A 


ool 06 o@ oL 09 OS Ob OF oz or 
3749S 3081N39H34 


‘qe4 


OL/L2/2 04 OL/2/2 HONS 


NOLBY HIE 
wes 


3°04 LHOTIH 3AM 


148 4yl-9 145-9 = LHE-ZAI-0 


ool 06 08 OL 09 O8 oF of oz or 
31898 3081W39H3d 


0261 


das 


OL/OE/6 04 OL/1/6 Wows 


NOLBY BI08 


wed 
SON LHOT3H JAUM 


Ade 440-9 AdS-¥ AdE-2 441-0 
_reomepe frm maT eSATA] 
oo 06 o8 of O98 OS oF OF oz OL 
wae 30¥4NINI4 


XY 


how 


0L/e2/5 4 OL/1/9 wOus 


NOLBY BI08 
bod 


3S04 LHOI3H 3AUM 


148 146-9158" = LHE-Z_— 4-0 


rr fe 


001 06 o8 oc 09 08 OF oc oz oF 
3198 30#1W39H34 


a ae 


‘uot 


OL/OE/1 oA OL/S/1 MOMs 


NOlyy HI08 
Hos 
3SO4 1LHOI3H 3AHM 


rer Tue-9) -{3s-#) 196-2 141-0) 


ool 06 08 oL oS oS oF of oz ob 
39S 3O¥ANIINId 


145 


Nevoes2t Gh 1er1/21 woud 
NOLBY HI08 

wed 2 

3S04 1HOI3H 3AUM 


1468 446-9 15S-y 14-2 


ool 06 08 OL O89 OS OF OF oz OL 
3195 10H1N33N3d 


s ~ 
aH 


Ne/1e/@ 4 1L/2/8 woud 


NO1lby 4908 
Hos 


3SO4 LHOI3H 3AuM 


1is8 14l-9 445-9 = A4E-2_— A -0 


oe 
37998 30¥1N32b3d 


dy 
NL/0E/> BA TL/1/ Wows 
NO1¥Y BI0E 
aes 
3S0Y¥ 2HOI3H 3AM 


see 44L-9AdS-® AHE-Z_— AS I-0 


ool 06 o8 OL 09 oS oy of oz oF 
3749S 30¥AM32N3d 


YO 


"ITL6L ‘u0VeY ed0g ‘sosoI JYSTOY IOYeerg 


“AON 


Ne/B2/01 Bh 1L/I71N Wows 


NOLgY 4908 
ues 


3SO4 LHOI3H JAUM 


1598 440-9 ASS-¥ —AJE-Z_— AI - 


OOr 06 08 OL 089 0S oF OF oz oF 
3142S 30H1N39H34 


° : 
a 
bet A 


NL/OE/e Od IE/I7e UBHS 


NOLBY ¥I08 
wad 
3SO4¥ LHOI3H 3AKM 


4ie8 446-9 14S-¥ © L4E-2— ad l-0. 


ool 06 o8 oc 09 oS oF of oz agi 
31435 30H4N3303d 


Y 


“JOW 


LL/VE/E OL LL/1/C MONS 


NOlbYy bI08 
ues 


3S04 LHOI3H 3AUM 


14s8 44t-9-A4S-¥ —ASE-Z_— A -0. 


ool 06 06 of 09 05 OF oe os oF 
37¥38 30U1N32u3d 


1261 


"¢-g omns ty 


490 


Ve762/01 Oi 14/1/01 upHs 


Ndivy 4908 
ued 


3SO¥ 1HOI3H JAUM 


arg 44L-914S-¥ © AJE-2_— A I-0 


oot 06 08 o£ 09 08 oF of oz oF 


37499 30¥1N32U3d 


aunp 


JL/0E73 BL IL/1/9 WOKS 


NOlbYy bI08 
wes 


3SQ4¥ LHOTSH JAUM 


aca 14L-9LdS-¥ © LdE-2 A I-0 


oot 06 08 o£ 09 oS oF of oz o1 
33S 30UiN39NId 


'Qa4 


WL/92/2 Os 1L/1/2 MOUS 


NOLUY 4908 
Mod 


3SO4¥ LHOI3H JAUM 


4i8 H4L-9 15S“ ALJE-2— I-00 


oot 06 08 OL 09 09 oF oE oz or 
3199 30¥1N33U30 


409s 


NO1bY 4908 
od 


3S04 LHOI3H 3AUM 


148 14-9 -14S-¥ = LSE-Z_— A I-0 


me Tr eT 


ool 06 08 OL 09 G3 OF Of oz o1 
SRSEMECLIUERLS J 


Kow 


1e/1e/8 OL IL/E/S WOWs 


NOLBY HIOB 
wed 


3SO04 LHOI3H 3AuM 


1498 44c-914S-¥ —AdE-Z_— A -0 


rere 


ool 06 08 o£ o9 OS oF oF oz o1 
3143S 39W1NIIU3d 


) 


VL/62/1 1 1L/mv1 Wows 


NOL¥Y BIDE 
ues 


3S04 LHOI3H 3AM 


4498 AdL-9AdS-¥ = LSE-Z_— A -0 


ool 06 08 OL 09 oS oF oF oz o1 
3138 JOWLN333d 


146 


zerverzi on 2e/1721 wOUs 
NOLbY 4908 


od 
ISOM LHOL3H JAUM 
148 Adc-9dS-P = LJE-2_— 1-0 


ool 06 o@ oc 09 OS OF OF oz oF 
31H2S 3OMAN3 


CY 


zusle/@ O2 21/0/0 wows 


NOLBY 4308 
od 
3S04 LHOI3H 3AUM 


1498 44-9 A4S-¥ = LSE-Z_— JI“ 


rm fer eA 


001 08 o8 OL 09 G9 OF OF oz or 
77099 30UAN39NI6 


ady 


NO1bYy BIO8 
Cy 
3S04 LHOI3H 3ABM 


1iee 14l-9-15S-#—14E-% 1-0 


oc oz ot 
320 FoviN32uId 


“Z7L61T ‘uo WeY Boog ‘Sesor JUSTOY Toyeorg 


h 
3SO04 LHOL3H 3AuM 


1498 44l-9 © 44S-¥-AJE-2 


oz ot 
31435 JOHLNI9MI4 


Aine 
Zeevese OL 2L/C/L WOWS 
NOLbY 4908 


wos 
3SOY¥ LHOT3H 3AUM 


1408 AdL-9 LUSH 1dE-Z_— A I-O 


ool 06 of o£ o8 aS oF of oz oF 
3Ww9e 30uLWaIuae 


“JOIN 


ZU/IE/E On ZL/1/E woud 


NO1bY 4308 
wos 
3SO4¥ LHOT3H 3AUM 


4498 44c-9 453-2 Ad I-0 


oot 08 08 OL O08 039 oF of oz oF 
39 30vANIINIE 


c26l 


18 AJe-2adl-0 


aune 


2100/9 O4 24/1/79 Wows 
NOL¥y HI08 


vos 
3SQ4¥ LHOI3H JAUM 


sag 44c-9AdS- = AUE-Z—AI-0 


ool 06 ob OL 09 OS Ov of oF oF 
71¥25 3OWAMIINI0 


2L/62/2 Gh 2L/2/2 Wows 
NOLYY BI08 

od 
3504 LHOI3H 3AUM 


ret) 44l-9 14S") = ASE-Z—AdI-0. 


or oz ot 
329 FOWANIIUId 


‘p-d omnsty 


cry) 
S04 LHOLFH JAUM 


14L-3 


ZL/1E/3 Ba 2L/1/5 wows 


NOLKY HI0B 
wos 
3S04¥ LHOI3H JAUM 


44-9 1dS-¥ —AdE-Z_— AI“ 


pr TT frre 


o. o9 aS oF of oz OL 
228 JOWLNIINI 


‘uo 
estes Ba ZL/E/) wows 
NOLBy 4908 


vos 
3804 LHOI3H 3AUM 


4dL-9 AUS“ = AdE-Z_ AN“ 


emer rere 


oL 09 09 OF OF oz oF 
31v96 FOWAMIIWId 


147 


"SL6T “uoeY ed0g ‘sasor AYysTEY Teyeorg *¢-g oin3sty 


aun Kow 


€1/62/9 O01 CL/1/9 uous €c/22/8 OL EL/I75 UoWs 


NOlbY BI08 NOlbY 4908 
vad wed 
3SO4¥ 1HOI3H JAM 3SOY LHOI3H 3AM 
138 1ul-915S-¥ ~—LJE-2— A I-0 1ag A4l-9LuS-¥ 0 AdE-2 141-0 


ool 


€ 02 OL oz ot 
Shua9 Sovinsoua WS 30¥1W39¥Id 


eeu JON qa4 ‘uor 


EL/B2/E O4 CL/I/E WOWs Euezrz or eL/i/2 wows EUete/t Ox ceveri wows 
NOlgy WI08 NOlbYy 4¥I08 NOLUY 4908 NOlbY W908 
wos wad wes wos 
3S04 LHOI3H 3AuM 3S0Y 1LHOI3H 3AUM 3S08 LHOI3H JAH 3SOY LHOI3H JAM 
asa 44e-9 Luo = Lge-2 A -0 


14s 14-9 LdS-¥ —Lde-2dt-0 perry) 4dl-9LS-¥ 4-2-0 


1ire 44e-9 LdS-® = LdE-2 A I-0 
ool 06 08 of 089 oS oF of oz oF 001 06 op ox 


09 0S oF of oz oF ool 06 08 of 09 oF oF ot oz of ool 06 08 Of oz o1 
ERT ECRELIUEET EF] 31y38 30¥132uI4 


RC RBH 
yeu peu 


£261 


148 


APPENDIX F 


MSL SHORELINE CHANGES BY PROFILE LINE 


149 


‘zeytdne 3e@ [ eUT,T eTtTFord uo uoTiISod [SW UT seBuey)D ‘[-y otnsty 


aj0q Aaains 
F261 c26| 1261 0261 


uodl}OAI}3 TSW 
0} Pa}OjOdo44}x9 ajtyOlg = 


696 | 


OS" 


GZ 


OS 


GL 


(43) wouIsog TSW 


150 


*reatdne ye [] 9sUuT[T eTtzord uo uotztsod TSW ut sesuey) 


£161 26/4 


Uol}OA9|3 ISW 
0} PI}DjOdOsjXZ ajljOsge 


9j0q Aeains 
i261 


0261 


*Z-d eins ty 


696 | 


G2 


(44) UOlISogd TSW 


I5| 


"uojeYy BO0g 3 [ SUT], eTTFoad uo uotyITsod Jsow ut sesueu) 


aj0q Aavins 
161 c26l I26| 0261 


UO0!}0A8|3 SW 
0} PayOjOdosjx3 aylyougs 


Mr 


"g-4q eInsTty 


696 | 


OS- 


G¢ 


OS 


Gl 


(43) wouIsod TSW 


152 


-uojyey Bd0g 1& [] eUTT eTTFOAd uo uotztsod SW ut sesuey) ‘“p-s ein3t 4 


940q Aaauns 
261 e261 1261 O46 | 696 | 


uolj0A8)3 SW 
0} P9yOjOdO44xXF aj!jO4d & 


Ge 


OS 


Gd 


(44) UOIISOd “TSW 


153 


“uOJeY BI0g 7e 


€26] 


III SUT, eTtzord uo uotztTsod Jow ut sesuey) 


9jDq Aanins 
c26| 1261 O26! 


uolj}0A8|3 ISW 
0} PajOjOdD4jxJ ajljO4g = 


"G-q omn3 ty 


696 | 


Ge 


OG 


G2 


(44) UOISOg TSW 


154 


*u0JeY BI0g 1& AI SUT{T 9TTZoId uo uot AISOd JSw UT seBueyD ‘9-4 OINBTY 


aj0q Aaains 
€61 e261 1261 0261 696 | 


UOI}DAR|3 ISW 
0} PaJDjOdD4jXFZ aj1}04qg 


(44) YOIsod TSW 


OS 


G2 


155 


*PpOOMATTOH 38 [ OUT, oT tTZOId uo uoTIISOd TSW UT seSueYyD ‘/-4 OIN3TY 


aj0q Aaains 
E€l6l c26| 126] OZ6I 6961 


eases end sSonceoeasscea|pllas soloed pococs 0 & 
fess 
oS 
GC = 
uol}0A8/3 ISW = 
0} P9jJOjOdO4}XJ ajljOsg® = 
OS 
GL 


00! 


156 


*pooMATTOH 38 [J] SUT, 9TtTFyoId uo uotytIsod TSW UT sesueYD 


80g AaAins 
F261 261 1261 0261 


UOI}DA8|4 ISW 
0} Pa}OjOdD4jxJ ajiyoige 


*8-q omn3ty 


696 | 


(45) UoNIsog TSW 


157 


APPENDIX G 


SUBAERIAL PROFILE VOLUME CHANGES BY PROFILE LINE 


158 


‘zeqtdne 1e [ eUuTT eTTFord uo yoeeq [eTLeeqns uo oUMTOA pues UT sesueYy) “T-9 s9IndTYy 


261 c26 | 


ajDq Aeains 
1261 0261 696 | 


Ke) 
N 
1S) 
(13/gPA ) awnjoa jun 


159 


‘Zeqytdne 1e@ [J] eUuT[ eTtFord uo yoeeq [etLeeqns uo oUWNTOA pues UT sosuUeYD 


aj0q Aeauns 


"7-9 oinsty 


¢26l c26l 126 | O26! 696 | 


(44/ gPA ) awinjon jun 


160 


-uojey ed0g 1 JT SUTT eTTFZOId uo yoReq [eTLeeqgns uo oUMTOA pues UT esuey) ‘¢-9 oin3Ty 


(S/L(9) | 


aj0qg Aanins 
e261 1261 


O26 | 696 | 


uw) 
Sere 
© 
(44/PA) ewinjon yun 


l 

| 

| 

! 
(e) 


cy ES 
eo & 
fo) 


G20 


16 | 


‘uoqvey BOG 4e J] SUTT eTTFOId uo ydeeq [eTLeeqns uO sUWNTOA pues UT sosduey)D ‘“p-9 OINIdTY 


F261 


SS ae ee oe GEO Poe 


aj0qg Aeains 


c26 | 


1261 O61 696 | 
I I oa ee | 
O'| 
SLO 
s 
GO = 
S 
S205 
Sa|SpSSSsesSeessse ia ne HO ey, 
cZO= 
GO 


SZ 0 


162 


-uovey e90g 1& II] eUT[ eTTJOId uo yOeeq TeTLeeqns UO OWMTOA pues UT sosueyy °S 


9j0q Aaauns 
¢l6l e261 1261 O26 | 696 | 


5) omnsty 


(44/¢PA ) swinjon Hun 


WW) 
N 
Oo 


163 


-uo1ey eBd0g 1& AT SUTT eTTFoId uo yoeoeq TeTLeeqns uO oUNTOA pues UT sesUeYy) “9-9 oAN3TY 


ajDqg AeAuns 
F261 e261 1261 0261 696 | 


(44 /oPA ) awinjon sun 


Ke) 
ey 
o) 


164 


*poomAT[OH 3 [ SUT]T eTTFOId uo yoeeq TetTLoeqns uo sUMTOA pues UT sasueY) 


aj0q AaAins 
F261 c261 126 | 0261 696 | 


*L£-9 ean3Ty 


(eo) uw) ire) 
= ro) 
(44/ PA) awnjon sun 


W© 
ian! 
S) 


\65 


*POOMATTOH 38 [J SUTT eTTZord uo yoeeq [eTIeeqns uo ouMTOA pues UL saduey) “8-5 sAIN3TY 


ajpq Aeauns 


£261 c26| 1261 O26] 696 | 
a a a SS ee le Sleas ) | 


G20 


SO 


wa © W) 
qn} Ql 
S S 
BWN|OA JIU/) 


ve) 
oO 
(43/7 ¢PA ) 


166 


APPENDIX H 


SUBAQUEOUS PROFILE VOLUME CHANGES AT BOCA RATON BY PROFILE LINE 


167 


“uojeYy Bd0g 1B T SUTT eT tTFord uo jO9F ZT- pue [SW useMZ,0q oUMTOA pues UT sesueY) 


940g Aeains 
¢26l c26| 1261 O26 | 696 | 


“T-H e1n3ty 


(437A) awnjon jun 


168 


“uozeY BI0G 3B TI SUTT oT tFord uo y90F cL- Ppue "TSW US9M}0eq OUMTOA pues UT sesueYy) ‘7-H oAN3Ty 
8j0q Aeains 
¢26| e261 126] O26 | 696 | 
FS 2 Se ee ae ieee ca Sa lS ee 
Qs 


(45/ PA ) awnjon jun 


169 


“uoyeY BI0G 2B TIT SuTT eTtzord uo yoeF ZT- pue TSW Usemz0q oUMTOA pues UT sosuey) 


ajDq Aaauns 


¢26| c26| I26] 0261 696 | 


“€-H 9mn3Ty 


(43/7 ¢PA ) aWN|OA JUN 


170 


‘uoqeYy Bd0g 1B AT SUTT oTTFZOId uo 309% ZT- pue TSW UseMI0q OUMTOA pues UT sodueY) 


9}0q Aaauns 
£26 | c26| 1261 O26 696 | 


*p-H ean3ty 


4¥/ PA ) awnjon jun 


( 


171 


nas ~ ee ant 
. i 
[ + ine 
: “ ay . iy Paice ois 
t 1 7 Ps i 
{ mee AE) Ae, 
| 7 
? i i { 


sisi taieneaih sanmpacter Lrvapete anemones seme 
JP ie Ak 


Lz9 Ol-££ ‘ou daigcn* €0ZOL 


"OL-ZZ ‘ou aoded feo 
-TuyIeL *1ajue) yoleesey Buytresuzsuq Teqseop *S*n :SeTTeS “II “eTITL 
‘I "eta Szeatdne *7 «*etTg Suojqey ed0g *g ‘eTg™ ‘poomMATTOH *G ‘saaeM 
*y ‘*sasseooid [e10jIIFI *€ ‘“UuoTSOIe YyOReg ‘7 ‘sa8uRYD YyoReg ‘| 
“€Z6L PUB 696] UseMI0q 
potied 1eak-3y e JaAOo (YINOS 03 YAIOU WorAZ ‘poomATTOH pue ‘uojeY ed0g 
‘zez;dnr) epfzioTy uleyseeyjnos uy seyzATTeooT eery, Je apeu e1eM sr0ys 
-ie9u pue yoeeq ey} JO suoTeAASSqoO pue sAksAins ATYseM pue ATTeEG 
“col *d :hydeasorqtqtg 
(OL-ZZL °ou £ zaquap 
yolvessy Sutiesutsuq Teqseop *s*n = ieded [eotuyoey) “TTF : *d LZ 
“LL6L ‘S89FAIaS uoTIeMIOFUT TeOTUYDe], TeuoTIeN worZ 
eTqeTTeae : °eq ‘pTetysutidg § raquep yoieesey BSufrseuT3uq Te seog 
“S°N : *BA SATOATOG Jtog — *TTeEMPd “| ueTTY Aq / 3SBOD epTIOTY 3see 
-yqnos ay} ZuoTe sesueyo yoreq pue suoTjeATesqo jUusuuOIT~AUS TeP109ITT 


“YH UPTTY ‘TTBMed 


£79 Ol-Z££ ‘ou dayecn* €OZOL 


“Ol-££ ‘ou aeded Teo 
-FuYyoe] *“teqjUueD yoteesey ButiseuTsuq Teqseop *S*n Settles “II ‘eTITL 
‘I ‘etd ‘teazdne *f *eTg Suojey eD0g *9 “TY SpOoMATTOH *G ‘sanes\ 
‘hy ‘*sessoooid [e10I;TT *€ ‘“UoTsoIe yoReg *Z ‘*sadueYyD yoreg *| 
“€Z6L PUP 696], Usemqeq 
poftied 1e8h-34 e TeAo (Yy}NOS 03 YQIOU WorZ ‘pooMATTOH pue ‘uojzey eD0g 
‘zeqtdnr) epfioTy urejseeyjnos uy set ITTeoOT ve14, Je opeM 310M aioys 
-ie9u pue yoreq 94} JO suoT}eALesqo pue sAaAins ATYeeM pue ATTeqG 
“cot °d :hyderdotTqtg 
(OleZZ *ou $ requag 
yoieesey Suyi1seuzsug Tejseop *s*n - teded [eofuyoez) “TTT : °d Lz] 
“LL6L ‘e2FALeS uoTRIeWIOFUT [TeoTUYDeT, TeuOTIeEN wosrTZ 
eTqeTTeae : *ea ‘pTatysutids { zequeq yorReesey ButrseuT3uq Te seo) 
"S'N 2 *ea fAzToOATeg 3104 — *TTeMed *y UueTTY Aq / 38809 eptioTyg see 
-Yygnos |yj ZuoTe sasueyo yoeeq pue suUOoTIeAABSGO JUSMUOTTAUS Te1I0}ITT 


‘a uelIv “TTeMed 


129 Ol-Z££ ‘ou d31gcn* €0Z0L 


“OL-ZL ‘ou zeded Teo 
-fFuyoey *TejueD yoieessy dupziesuz3uqg Teqseop *s*n :seTIes “Il “eTITL 
‘I ‘eta ‘zeatdne 7 ‘ety Suojey eD0g "9g ‘eTy ‘poomATToH *G ‘*sanaey 
‘y ‘*sesseo0id [e1097T] *“€ ‘“‘UoTSoTe yoReg *Z ~*soadueyo yoreg ‘1 
“EL6L PUB 696, UeEeMIeq 
poyied 1eek-%y e@ JaAo (YRNOS 07 YIAOU WoOAZ ‘poomATTOH pue ‘uojeYy eBD0g 
‘zaz};dnr) epfioTy utejzseayjnos uy sof RTTeooT ve1zyj Ae apeM o1eM sr0YsS 
-1e0U pue YyoPeq Bayz Jo suoTReATESqO pue sksAins ATyoem pue ATTeEC 
*ZoL *d :Aydea8o0tTqT¢ 
(OlL-Z£ *ou £ teque9 
yoreesoy ZutteeuTsug Te3seop *s'n - taded Teofuyoer) *TTF : *d {ZL 
"LL6, ‘89FAIaG UOoFIeUIOFUT TeoTuYyo], TeuoTIeN worz 
eTqetTFeae : "ea ‘preyzsysutaids § rajueD yOTeesey BuTsseuTZug Teqseo| 
“S*N + "BA SATFOATAG Jog — *TTENEd “A weTTy Aq / 3se0o epTzoTg 3889 
-y3nos 3ay} BuoTe sasueys yoreq pue suotjeATesqo jUsMUOATAUSe TP1099TT 


‘a ueTTV ‘TIeNed 


L£e9 OL=2£2 *ou d31gcn° €02OL 


*"OL-ZZ ‘ou zeded Teo 
-Tuype], *1e}ueD yOIeessy BuTAseuTsugq TeqyseoD *s*g :seTzeg “IT “eTITL 
‘I ‘eta Sazeatdnr *¢ “eTg Suojey eD0g *g “eTA SpoomATTOH *G ‘*senaeM 
*p ‘sesse00id TeI0I7TT *€ ‘“UoOTSOXa YOReg *Z7 ‘*saBueYyD yoreg “| 
“€L6l PUB 6961 UeeMjeq 
poftied 1ee8k-3% & TaAO (YRNOS 07 YRAOU WoOIZ ‘poomATTOH pue ‘uojeYy eID0g 
‘zeqtdne) eptioTy utejzseayjnos ut saeTITTeooT vseiy. 4e ope e<1eM si10ys 
-Ieou pue yoreq ayy Jo suoyzeArtesqo pue sXksvins ATYaemM pue ATTeG 
"zoL °d :AyderZ0TT qT 
(OL-ZL °ou £ tajua9 
yoieesey BZutiseut3uq [e;seop °s°n = teded Teopuyoey) “TTF : *d LLL 
“1/16, S@0FATES uoyRVUIOJUT TeOTUYyDAT, TeuoytjeN worzz 
eTqeTFeae : ‘eq ‘ptatzysuzids { rz9equeD yotIeesey SutiseuT3uq Te .seog 
“S°N : "BA SITOATEg 310g — “TTENSEd °@ UeTTY Aq / JseoD epTIoT_ 4see 
-yjnos 9y} BuoTe seSueyo yoeeq pue suoT eATesgo JuemUOATAUe [e103 TT 


‘a ueTTy ‘TTeMed 


SSS eee 


129 Ol-££ ‘ou daygcn* €0ZOL 


"OL-ZL ‘ou aeded feo 
-Tuyoey *leque9) yoTeesey Buftesutsug TeqIseoD *S'N isettes “II *eTIFL 
*l ‘eta ‘zeqatdne "7 «eT fuojzeYy BD0g "9 “RTA *poomATTOH *G *SoAeM 
‘h ‘sesseoo0id Te10j{IFI “€ ‘“UOTSOTe yoeeg *Z *sa8ueyo yoRreg “| 
“€Z6L Pue 696], UeeMIeq 
potied 1eak-3 eB TaAO (YINOS 0F YRIOU Wor;Z “poomATTOH pue SuojeYy eD0g 
“zaq3q;dnr) epfTIoT™ uleyseeyjNos UF SeFIFTBOOT seit} Je epeul 910M s1OYS 
-1B9U pUue YyOReq ay} JO SUOTIeAIeSqO pue shaAins ATY9eM pue Atte 
“zo, *‘d :Aydeazo0tT qT 
(OL-ZL *ou { iteqQuUa9 
yoieesay ButTiseuT3uq Teqseog *S*n - teded TeoTuyoeLl) “ITT : ol iin 
“/L6| ‘a2FALeS UOTIeWIOFZUT TeoTUYyoe], TeuoTIeN Wor; 
eTqetTreae : °ea ‘prtaTysutads § 1equseg yoieessy SuflsveuTZuq Te IseoD 
*"S'n : “BA SATOATOG Jaoqg — “TTBMed “a UeTTY Aq / 3SB0D epTiIoT_ 4see 
-y3nos 9y} 3uoTe sesueyo Yyoereq pue suoTIeATEeSgO JUSWUOTFAUe [e103 TT 


“a UeTIV ‘TTeMed 


~ 


£29 OE OU d3yecsn* £0ZOL 


“OL-ZL ‘ou taeded [eo 
-Tuyoey *19qUeD YODTeVsey BZuTAseuT3ug TeqseoD “*S*n +seTtes “II “STIL 
‘I ‘eta ‘zeqtdne *7 «*eTg Suoqey B00g *9 “eTq ‘POOMATTOH *“¢ ‘“SeAPH 
‘hp ‘sesseooid Te10I;ITT “€ “UWOTSOTe yoeeg °Z *so8ueyuo yoReg ‘| 
“EL6L Pue 696, UeEMIeq 
pofied 1ee8h-3h eB Tsao (Yy}NOS 07 YRAOU Worz *poomATTOH pue SuojeYy eP20g 
‘zeqtdne) epTIoTg useyseey{Nos UT SeTIFTPOOT |a1y} Je SpeM e19M s10YS 
-1e08U pue yoeaq ay} JO SUOTIeATeSqo pue sheAins ATYeeM pue AT Tea 
"zo, °d :AudeszotT QTE 
(OL-Z£L ‘ou $ taquag 
yoreesey ButTieeuz3uqg TeqseoD *s'n - iteded Teotuyoey) “ITT : “d LLL 
“LL6L ‘a0FALeg uoTJeMIOJUT TeoFUYyIeL TeuOTIeN wWorzsz 
atTqetreae : ‘*ea ‘prtetsySuzads § reque9 yo1eesey BufTissuTsuq Te seo) 
"S'n : ‘eA SazPOATOg 310g — “TTeMed “Fy ueTTV Aq / }Sse0D epTioTY ysee 
-U3nos 9yj BuoTe sesueyd yoReq pue suoT}eATaSqO jUSMUOTTAUS TP10749TT 


‘a UeTIV ‘TTeMed 


L£e9 Ooze “Ou d31gcn° £0201 


“OL-ZL ‘ou aeded Teo 
-Tuyosy, ‘aque Yyoressey ButreeuTsug Teyseod "S*n :sefttas “II “PTITL 
‘T ‘eta ‘zeqtdne *7 «‘eTg Suoqzey eD0g *9 “BTA SpoomATTOH *G *SeABM 
‘y ‘sassao0id [e10OIITI “€ ‘“WOTsoTe yoReg *Z ‘“sesuBYyO yoReg *| 
“EL6L PUe 696, YeEMIeEq 
pofied 1eek-% eB AeAO0 (YINOS 07 YRIOU WorF *‘poomATTOH pue ‘uojey BI0g 
‘zaqqtdnp) epflOTq ulezseayjNos UT SETITTPOOT |e1y} Je epeu e1eM o1OYS 
-1e9uU pue yoeaq ay} FO suoTReATeSqo pue shaAins ATYeeM pue ATTeEC 
"zo, *d :Aydeaz8otTqTa 
(OL=ZL "OU £ 2taqUED 
yoreesoy SuTIeeuT3ugq Teqseop *s*n - toded Teofuyoel) “TTF : “d {ZL 
"(L6L S99FAIaS UOFIeUAOZUT TBOFUYIs] TBUOTIEN wWorZ 
eTqeTTeae : ‘ea ‘prtetysutadg § taqueD YyoTResey BupAveuTZuq Te seo) 
“stn : ‘ea SITOATAg 340g — “TTeNed “a UeTTY Aq / 3seOD BpTr0oTd 4se9 
-yjnos 9yj BuoTe sasueyo yoeeq pue suoT}BATESqO jJUseMUOTTAUe TP1034FT 


‘a ueTTy ‘TTeMed 


LZ9 Ol-ZL ‘ou d31gcn* €0Z0L 


“OL-ZL ‘ou aeded Teo 
-Tuypey, *1aquUe) yoTeessy BuTreeuTsugq TeIseop *S*n iseTtes “II “PTITL 
"T ‘eta ‘aeatdne "7 ‘eTg SuojJeYy BD0g “9 “PTA ©PpoomATTOH *G ‘SoAPM 
‘y ‘sasseooid [e10IITT ‘¢ ‘UoOTSOIe yoReg *"Z ‘saBweyo yoReg “| 
“EL6L PUB 6961 YeeMjeq 
poftied 1eak-34% e taao (YANOS OF YRAIOU Wor “poomA{TToOH pue ‘uojeYy e00g 
‘zaqtdnp) epTioT™, wlezseey Nos UT SeTIFTBIOT eety. 3e Spell ete e10Ys 
-1eau pue yoreq ayy Jo suofzeAIesqo pue sAaAins ATyeen pue ATTeC 
*zoL *d :Ayders0tT qT 
(OL-ZL “Ou £ 233uU89 
yoreesey ButTiseutTsuq TeIseoD “"S°n = azaded Teotuyoez) “ITF : *d LLL 
"/L6| ‘e0TALaS UOTIVUAOZUT TeoTuyoA]L TeuoTIeN worzz 
atTqetreae : ‘ea ‘pptetxsutads § taqueD yoreessy SuyiveuTsuq Te seo) 
*o*n : ‘ea SITOATeg 40g — “TTENEG “A UeTTV Aq / IsBOD BpTACTA 3See 
-yjnos 843 BuoTe sesueyo yoreq pue suo; wALesqo JueuUOTTAUS [P1039 FT 


‘gd ueTIy ‘TTeMed 


DeWall, Allan E., 1977. Littoral environment observations 
and beach changes along the southeast Florida coast. 
Technical paper No. 77-10. (CERC) 171 pp. 
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